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ABSTRACT
An evaluation o f major sediment inputs and losses due to 
storage in  the estuarine sink was conducted fo r  the Rappahannock 
River Estuary. A de ta iled  analysis o f bathymetric change based 
upon the U.S.C.& G.S. hydrographic survey o f 1909-10, and recent 
hydrographic surveys by the V irg in ia  In s t itu te  o f Marine Science,
1971, and the U.S.Army Corps, o f Engineers, 1973, were u t i l iz e d  
to  determine the mass o f f i l l  th a t had accumulated in  the estuary 
during the 64-year period. Bathymetric changes were determined by 
a modified version o f the p ro f ile  comparison method. An analysis o f 
systematic and random erro rs  was performed on the measurements o f 
bathymetric change.Major sediment inputs were id e n tif ie d  from the 
l i te ra tu re  and include suspended sediment from the Chesapeake Bay, 
suspended sediment from upland erosion in  the Blue Ridge-Piedmont 
Sub-basin and Coastal P lain Sub-basin, and sediment derived from 
erosion o f the estuarine s jo re lin e .
The re su lts  ind ica te  th a t the mass o f f i l l  th a t has accumul­
ated in the estuarine sink between 1909 and 1973 ranges from 126 to 
237 m illio n  m etric  tons. Estimates o f sediment inputs from the 
major sources account fo r  91.5 m ill io n  m etric  tons. Shoreline 
erosion has contributed the greatest amount o f sediment to the 
estuary, w ith some 47.9 m ill io n  m etric tons. The second la rgest 
co n trib u tio n  comes from suspended sediment entering the mouth from 
the Bay, w ith some 27.33 m ill io n  m etric tons a ttr ib u te d  to th is  
source. Suspended sediment in f lu x  from the drainage basin accounts 
fo r 16.2 m ill io n  m etric tons, o f which 13.1 m illio n  m etric tons 
are derived from the Blue Ridge-Piedmont Sub-basin. Additional 
con tribu tions  o f suspended sediment from f lu v ia l sources and the Bay 
during periods o f high flow  are believed to account fo r  the balance 
o f sediment stored in  the estuarine s ink.
Longitudinal trends in  f i l l  throughout the estuary ind ica te  
tha t sediment transport and deposition are modulated by a two-layered 
c irc u la tio n  system o f the type described by Pritchard (1955) fo r 
p a r t ia l ly  mixed estuaries. F luv ia l suspended sediment inputs from 
the Blue Ridge-Piedmont Sub-basin are , to some exten t, blocked from 
seaward transport a t the head of the s a lt  in tru s io n . The accumulation 
o f the bulk o f sediment in  the lower estuary ind ica tes th a t landward 
transport o f suspended sediment a t depth in the sa line  water layer may 
be an important process in the f i l l i n g  o f a coastal estuary.
EVALUATION OF SEDIMENT SOURCES AND SINKS:
A SEDIMENT BUDGET FOR THE RAPPAHANNOCK RIVER ESTUARY
PART I INTRODUCTION
Processes have been observed which are responsible fo r  both 
landward and seaward transport o f sediment through p a r t ia l ly  mixed to 
moderately s t r a t i f ie d  estuaries (Guilcher 1967, Meade 1969, Biggs 1970). 
However, ranking the re la t iv e  con tribu tio n s  o f sediment entering from 
both landward and seaward sources remains problematic. Once deposited 
the provenance o f in flu x in g  sediment o ften cannot be determined, e ith e r 
because o f anomalous te x tu ra l c h a ra c te r is tic s , uniform mineralogy or 
lack o f adequate natura l tracers  (Nelson 1960, Nichols 1972, Nichols et 
al 1981).
Recently, Fourier grain-shape analysis was used to  evaluate sand 
transport in the Rappahannock River Estuary, a p a r t ia l ly  mixed estuary 
typ ica l o f the major r iv e r-e s tu a r ie s  o f the western margin o f Chesapeake 
Bay. The analysis revealed th a t two major sources o f sand entering the 
estuary are: Piedmont-derived sands, and sands derived from erosion of
the estuarine shoreline. This only p a r t ia l ly  resolves the problem o f 
provenance, however, since fine -g ra ined  sediment accounts fo r  the bulk 
o f m ateria l accumulating in  estuaries o f the Chesapeake Bay region, as 
reported by: Nichols (1972) fo r  the James River; Nichols et al (1981)
fo r  the Rappahannock R iver; and Knebel (1981) fo r  the Potomac R iver.
In the past, inves tiga to rs  have used several d if fe re n t approaches 
to  determine the re la tiv e  con trib u tio n s  o f suspended sediment from 
in te rna l and external sources to  the to ta l mass of f i l l  in  r iv e r -  
estuaries o f the Chesapeake Bay. Biggs (1970) estimated suspended 
sediment inputs and losses fo r  the Maryland portion of the Bay from
suspended sediment concentrations monitored over a one year period 
(February 1966 to  January 1967), coupled w ith  e x is tin g  in form ation  on 
r iv e r  discharge and shore line erosion. The re su lts  ind ica te  th a t the 
suspended sediment in f lu x  from the Susquehanna River accounts fo r  more 
than 80 percent o f the to ta l mass o f suspended m ateria l in the upper 
bay. In the middle bay inputs from shoreline erosion and b io lo g ica l 
production were found to  con tribu te  approximately 90 percent o f the 
to ta l mass o f suspended m a te ria l, w h ile  con tribu tions  o f suspended 
sediment from the lower bay and ocean were not considered. Later, 
Schubel and Carter (1977) used a simple-segment model to  estimate the 
f lu x  o f suspended sediment between the Bay and i t s  tr ib u ta ry  estuaries , 
th a t was based upon suspended sediment concentrations co llec ted  over a 
one year period (August 1969 to  July 1970) and annual average fresh 
water discharge o f the major r iv e rs  along the western margin o f the Bay. 
The model confirm s e a r l ie r  fin d ing s  o f Biggs (1970) th a t the Bay is  a 
sink fo r  suspended sediment discharged by the Susquehanna River. 
Furthermore, Schubel and Carter (1977) found tha t the major t r ib u ta ry  
estuaries func tion  as suspended sediment sinks, and th a t the ocean 
con tribu tes a re la t iv e ly  small amount o f suspended m atter to  the Bay. 
O ffice r and Nichols (1980) used a more sophisticated two-dimensional box 
model to  determine suspended sediment f lu x  and net deposition in two 
t r ib u ta ry  estuaries (James and Rappahannock Rivers) o f the Chesapeake 
Bay. Box models fo r  both systems were based upon data co llected  during 
periods (1 to  5 days) o f high to  moderate r iv e r  discharge. The re su lts  
ind ica te  th a t there is  a net f lu x  o f suspended m ateria l in to  the 
estuaries from both landward and seaward (Bay) sources during moderate
2.
to  high r iv e r  flo w , though during extreme flood ing  there can be a s lig h t 
f lu x  out o f the estuaries. Although these studies have contributed 
s u b s ta n tia lly  to  our understanding o f sediment transport in  estuaries, 
they do not provide a comprehensive evaluation o f sediment inputs from 
the major sources, or provide in form ation on the long-term re su lts  o f 
sediment storage in estuaries. Biggs (1970) evaluated many o f the major 
inputs and losses o f suspended sediment entering the Bay, but did not 
account fo r  con tribu tio ns  o f sand-sized m ateria l or fo r  long-term 
va ria tio n s  in sediment supply or deposition. The mathematical models 
were even more lim ite d  in scope. O ffice r and Nichols (1980) considered 
on ly rive r-bo rne  suspended sediment f lu x  and suspended sediment exchange 
through the r iv e r  mouths, while  Schuble and Carter (1977) considered 
on ly  suspended sediment exchange between the Bay, i t s  major tr ib u ta ry  
estuaries and the ocean.
Accordingly, th is  study was in it ia te d  to provide answers to some o f 
the unresolved questions concerning sediment transport and deposition in 
estuarine systems typ ica l o f the Chesapeake Bay region. S p e c if ic a lly , 
th is  research is  focused upon the fo llo w in g  questions: What are the
major sources o f sediment tha t con tribu te  to long-term deposition in 
p a r t ia l ly  mixed estuaries? How do th e ir  re la t iv e  sediment loads compare 
to  each other? At what rates are sediments accumulating in these 
estuaries? What inferences can be made from scour and f i l l  patterns 
concerning the in te rre la tio n s h ip  o f estuarine hydraulics and geological 
processes?
In add ition to providing answers to questions tha t have remained
3.
unresolved in  previous stud ies, the value o f th is  research is  evident in 
l ig h t  o f escalating costs fo r  f ie ld  research; escalating dredging 
requirements; and sca rc ity  o f convenient disposal s ite s . Recognition o f 
major sediment sources and depositional zones w ith in  estuaries can 
enable researchers to d ire c t th e ir  f ie ld  e ffo r ts  to  p a rt ic u la r  
sedimentologic zones, and thereby avoid unnecessary or m isdirected 
sampling. Also knowledge of patterns and rates o f deposition w ith in  
estuaries can be used to id e n t ify  areas where fu tu re  dredging may be 
requ ired ; to  estim ate fu tu re  maintenance dredging requirements; to  
d ire c t the placement o f dredge spoil away from channels; or to  id e n t ify  
areas where placement o f dredge spo il can m itiga te  shoreline erosion.
Study Area
The Rappahannock River Estuary (Figure 1) has been chosen as the 
s ite  o f th is  in ves tiga tio n  fo r  several reasons. F irs t ,  e x is tin g  
in form ation  on fresh water discharge, r ive r-borne  suspended sediment 
loads, shore line erosion, and bathymetry can be u t il iz e d  to  develop a 
comprehensive budget o f sediment inputs and losses w ith in  the e n tire
I
estuarine portion  o f the r iv e r .  Second, the Rappahannock Estuary is  
c la s s if ie d  as a p a r t ia l ly  mixed to moderately s t ra t i f ie d  estuary 
(P ritchard  1967) and in th is  respect is  typ ica l o f the major r iv e r -  
estuaries on the western shore of the Chesapeake Bay. Third, the 
geometry o f the estuary is  r e la t iv e ly  simple and i t s  channel reasonably 
s tra ig h t. This l im its  the com plexity o f c irc u la tio n  patterns and allows 
fo r  greater confidence in in te rp o la tin g  between survey transects and 
sample loca tions. F in a lly , the r iv e r  is  re la t iv e ly  undisturbed, as
4.
Figure 1. Map o f Chesapeake Bay Region.
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industry  in  the area.
General S e tting :
The Rappahannock River Estuary is  s itua ted  w ith in  the M id -A tla n tic  
Coastal P la in  provence o f southeastern V irg in ia  and is  one o f fou r 
major drowned r ive r-e s tu a r ie s  th a t dra in  in to  the Chesapeake Bay along 
i t s  western margin. Estuarine conditions p reva il throughout the lower 
100 kilom eters o f the r iv e r ,  w hile  t id a l in fluence extends from the 
mouth approximately 200 kilom eters to  the Fall Line a t Fredericksburg.
The Rappahannock River drainage basin encompasses some 2762 square miles 
(7150 km2) o f which approximately 1599 square miles (4140 km2) lie s  
w ith in  the Blue Ridge and Piedmont provences, w hile  another 1163 square 
miles (3010 km2) are w ith in  the Coastal P lain provence.
Tidal C ha rac te ris tics :
Hicks (1964) c la s s if ie d  the t id a l ch a ra c te r is tic s  o f the Rappahannock 
River as predominately mixed sem i-d iu rna l. T yp ica lly , the mean high water 
in e q u a lity  is  greater than the mean low water in e q u a lity , and the sequence 
o f tides  is  from lower lows to  higher highs. In the lower portion  o f the 
r iv e r ,  time-averaged t id a l observations made by the National Ocean Survey 
ind ica te  th a t the t id a l wave form is  nearly symmetrical and resembles a 
progressive wave, w ith  maximum strength o f current a t high and low t id e . 
However, as the t id a l wave tra ve ls  u p rive r the wave form becomes increas­
in g ly  more asym etrica l. Near Port Royal (125 km. up rive r) the wave form is
more akin to  a standing wave, w ith  maximum strength o f current occurring
h a lf way between high and low t id e .
Mean t id a l range in  the Rappahannock River is  lowest a t the mouth,
1.2 fe e t (0.37 m eters); then increases to  1.8 fe e t (0.55 meters) a t 
Wares Warf (59 km. u p r iv e r) ; decreases to  1.5 fe e t (0.46 meters) a t 
Saunders Warf (98 km. u p r iv e r) ; and increases to  a maximum o f 2.6 fe e t 
(0.79 meters) a t Massaponax Creek (164 km. u p rive r). Average t id a l 
currents near the mouth range from 0.6 to  0.8 knots (30 to  40 cm/sec) 
fo r  flood  and ebb, respec tive ly . Between Wares Warf and Tappahannock 
(59 to  67 km. up rive r) t id a l currents increase to  1.0 to 1.3 knots (51 
to  67 cm/sec) fo r  ebb and 1.2 to  1.4 knots (62 to 72 cm/sec) fo r  flood . 
Further up rive r near Port Royal (125 km. up rive r) average t id a l currents 
decrease to 0.7 knots (36 cm/sec) fo r  both flood  and ebb flow .
Estuarine C ircu la tio n  and Suspended Sediment Transport
P ritchard  (1955, 1967) c la s s if ie d  the p reva ilin g  c irc u la t io n  
patterns w ith in  the major r ive r-e s tu a r ie s  o f the Chesapeake Bay as 
p a r t ia l ly  mixed to  moderately s t r a t i f ie d .  In estuaries o f th is  type a 
two-layered c irc u la t io n  system develops as a re s u lt o f density  d ifferences 
between fresh water discharged by r iv e rs  and s a lt  water in  the receiv ing 
basins (Figure 2). When seaward flow ing fresh water flows out over denser 
sa line  water a wedge shaped in tru s io n  o f s a lt  water resu lts  a t depth. 
Advective (tu rb u le n t) mixing and s a lt  d iffu s io n  cause the deeper sa line  
water mass to loose s a lt  to  the seaward flow ing surface waters. As a 
re s u lt  a landward counter current develops in  the deeper laye r to  maintain 
the s a lt  balance. P ritchard  (1955) has shown th a t maximum v e lo c it ie s  of 
freshwater occur a t the surface while  maximum v e lo c it ie s  in  the lower layer 
occur a t or near the bottom. Between the two layers a leve l o f no net 
motion or zero v e lo c ity  laye r e x is ts . P ritchard  (1967) has estimated 
th a t net outflow  in  the upper laye r may be as much as 10 times the r iv e r  
flo w , w ith  the compensating net up rive r flow  being 9 times the r iv e r  flow .
7.
Figure 2. Estuarine c irc u la t io n  fo r  
p a r t ia l ly  mixed estuary.
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The estuarine c irc u la t io n  system described above is  sub ject to  
continuous m od ifica tion  in  response to  va ria tion s  in  r iv e r  discharge, 
t id a l mixing and atmospheric forces. Nichols and Thompson (1973) and 
Nichols (1977) have shown th a t increased fresh water in flo w  tends to 
strengthen s t r a t i f ic a t io n  and increase flow  in  surface and bottom layers. 
Likew ise, a reduction in  freshwater in flo w  reduces s t r a t i f ic a t io n  and 
c irc u la t io n  in  both layers. The same authors have also shown th a t increased 
t id a l mixing (during spring and neap tid e s ) can re s u lt  in  d e -s tra t if ic a t io n  
and in te rru p tio n  o f the two^layered c irc u la t io n  system. E l l io t  (1978) 
observed s ix  d if fe re n t c irc u la t io n  patterns during a one year period in  the 
Potomac Estuary induced by meteorological fo rc in g . During th is  period "normal" 
estuarine c irc u la t io n  occurred only 43 percent o f the time. In the Rappahan­
nock estuary during conditions o f average r iv e r  flo w , the head o f the s a lt  
in tru s io n  extends some 65 to 70 kilom eters up rive r. During periods o f high 
r iv e r  flow  the s a lt  in tru s io n  may be displaced seaward to  approximately 35 
kilom eters u p rive r, whereas during extreme drought conditions i t  can extend up 
to  92 kilom eters u p r iv e r  (N icho le  and Thompson 1973, and Nichols and Poor 1967).
In many p a r t ia l ly  mixed es tua ries , a region o f high suspended sediment 
concentrations or tu rb id ity  maximum occurs in  the convergence zone a t the 
head o f the s a lt  in tru s io n . This fea tu re  has been observed in  the James and 
Rappahannock estuaries during a wide range o f r iv e r  in flow  and t id a l conditions 
(N ichols and Poor 1967, Nichols and Thompson 1973, and Nichols e ta l 1981).
The tu rb id ity  maximum provides v is ib le  evidence th a t estuarine c irc u la t io n  
e f fe c t iv e ly  traps suspended sediment w ith in  these estuaries. Two modes o f 
entrapmemt have been observed in  the " v ic in ity  o f the freshwater convergence:
1) river-borne/suspended sedimdnt concentrated in  deeper layers is  blocked land­
ward o f the convergence zone which acts as a dynamic b a rr ie r ;  2) suspended
9,
sediment th a t escapes through the seaward flow ing surface laye r se ttle s  
out in to  deeper water and is  ca rried  back toward the convergence zone 
in  the near bottom re tu rn  flow  (N ichols 1977). Nichols and Thompson 
(1973) observed th a t the e ff ic ie n c y  o f th is  trapping mechanism varies 
w ith  the ra te  o f r iv e r  in flo w . At low leve ls  o f in flo w  less than 15 
percent o f the suspended sediment f lu x  is  trapped in  the convergence 
zone, w h ile  a t higher r iv e r  in flo w  as much as 85 percent was trapped.
In ad d ition  to  entrapment o f suspended sediment, O ffic e r and Nichols 
(1980) have shown th a t landward flow  in  the bottom laye r can re s u lt 
in  a net f lu x  o f suspended sediment from the Bay to the estuary.
Conceptual Model
Our present s ta te  o f knowledge concerning estuarine processes 
makes the construction  o f a conceptual model o f major sediment sources, 
pathways and sinks possible fo r  the Rappahannock Estuary (Figure 3). 
Components o f the model have been in fe rre d  from the l i te ra tu re  and are 
discussed in  the preceding sections. The organization o f the fo llow ing  
sections conforms to the framework o f the conceptual model:
PART I I  BATHYMETRIC COMPARISONS Describes the methods used 
to  determine the mass o f f i l l  in  the estuary s in k , 
and provides an analysis o f e rrors  inherent in  
measurement o f shoaling and deeping from bathymetric 
comparisons.
PART I I I  ESTUARY SINK Describes the changes th a t have occured 
throughout the estuary as a re s u lt o f shoaling and 
deeping, and reports the resu lts  o f bathymetric
10.
Figure 3. Conceptual model o f  major sources, 
pathways and sinks o f sediment 
tran sp o rt through the Rappahannock 
River Estuary.
11.
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comparisons as the mass o f f i l l  in  the estuary.
PART IV SEDIMENT SOURCES Describes the pathways o f major 
sediment sources in to  the estuary and evaluates 
the re la t iv e  con tribu tions  made by each source.
PART V RESULTS Reports the re su lts  o f the preceding
sections in  terms o f an ove ra ll sediment budget
fo r  the Rappahannock River Estuary.
PART VI CONCLUSIONS
PART I I  BATHYMETRIC COMPARISONS
METHODS AND MATERIALS
Data Sources
Bathymetric comparisons were based upon sounding surveys by the 
U.S. Coast and Geodetic Survey, the U.S. Army Corps o f Engineers, and 
the V irg in in a  In s t itu te  o f Marine Science (Figure 4, A and B).
Hydrographic surveys conducted by the U.S. Coast and Geodetic 
Survey co n s titu te  the e a r lie s t comprehensive c o lle c tio n  o f bathym etric 
data fo r  the Rappahannock River. Soundings made during the 1855-1857 
and 1909-1910 surveys fo llo w  track lin e s  which cross the thalweg in a 
zigzag fashion. These track lin e s  in tu rn  cross a second sounding track 
which fo llo w s  (or c lo se ly  p a ra lle ls )  the thalweg. In con trast to 
e a r l ie r  surveys, the most recent survey (1953-1954) consists o f a dense 
pattern  o f ir re g u la r ly  d is tr ib u te d  soundings. This survey is  lim ite d  in 
th a t i t  includes on ly the lower estuary, from the mouth upriver to  
Urbana (Figure 4A).
Add itiona l surveys were conducted by the V irg in ia  In s t itu te  o f 
Marine Science and the U.S. Army Corps o f Engineers in 1971 and 1973, 
respec tive ly . These surveys d i f fe r  from e a r lie r  e f fo r ts  in th a t 
soundings are lim ite d  to  discontinuous cross-channel transects w ith  no 
track  lin e  crossings (Figure 4B). The distance between transect line s  
ranges from approximately 1.2 to  3.3 nau tica l m iles (2.2 to  6.1 km) in 
the  low er e s tu a ry , to  0.1 to  2.2 n a u tic a l m ile s  (0.2 to  4.1 km) in  the 
middle and upper estuary.
13.
Figure 4A. U.S.C.& G.S. Bathymetrfc Surveys 
o f the Rappahannock River Estuary: 
1856-1857 se rie s ; 1909-1910 se rie s ; 
and 1953-1954 se ries .
4B. V irg in ia  In s t itu te  o f Marine Science, 
1971 fathometer tra n sec ts , and U.S. 
Army Corps. Engineers 1973 Chesapeake 
Bay Model Survey.
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The network of cross-channel transects, a composite o f the two most 
recent surveys, was u t i l iz e d  as a basic framework fo r  subsequent bathy­
m etr ic  comparisons. Transect locations were transposed from the recent 
charts onto the 1909 and 1954 hydrographic survey charts, and cross- 
sectional p ro f i le s  were constructed from Soundings along each 
transect l in e  fo r  h is to r ic a l  comparison. Sallenger et al (1975) re fe r  
to th is  technique as the " p ro f i le  comparison method."
The p r o f i le  comparison method was the only log ica l approach 
ava ilab le  due to the discontinuous nature o f the bathymetric data 
co llec ted  in the 1971-1973 surveys. Other approaches such as data point 
comparisons, contour overlay comparisons, and g rid  po in t comparisons 
were deemed inappropriate in view o f the data gaps between transect 
l in e s  in the la te s t  surveys (Sallenger et al 1975). The p ro f i le  
comparison method makes maximum use of the data w ithout exceeding the 
l im i ts  imposed by the d is t r ib u t io n  and density o f the data.
Transect Line Positioning
Prio r to actual bathymetric comparisons the cross channel transect 
l in e  from the U.S. Army Corps o f Engineers and the V irg in ia  In s t i tu te  of 
Marine Science were rep lo tted  on a common base map (Figure 5, A and B).
This involved no scaling or p ro jec tion  problems as both surveys used 
U.S.C. & G.S. nautica l chart number 12236-7 fo r  th e ir  base map, a practice 
continued in th is  inves t ig a t io n . The nautica l chart used is  a Mercator 
p ro jec t ion  w ith  a 1:40,000 scale.
A fte r  transect l ines  from the two surveys were p lo tted  on a common 
base map, th e ir  exact pos it ions were rep lo tted  on smooth sheets o f the U.S.
15.
Figure 5A & B. Cross-sectional p ro f i le  
loca tions .
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Coast and Geodetic Survey series: 1909-10 and 1954. Although the U.S.
Coastal Survey charts are polyconic p ro jec tions  and the base map is  a 
Mercator p ro je c t io n , no s ig n i f ic a n t  d is to r t io n  e f fe c ts  re s u l t  when 
t ra n s fe r r in g  pos it ions  from one to the other. This is  true  because the 
charts involved have r e la t i v e ly  large scales ranging from 1:10,000 to 
1:40,000 (Robinson and Sale 1969).
In re p lo t t in g  transect pos it ions , t r ia n g u la t io n  to landmarks ra ther 
than la t i tu d e  and longitude coordinates was used. This was necessary 
since the pos it ion ing  o f the North American Datum was corrected several 
times between 1850 and 1929, re s u l t in g  in a confusion o f la t i tu d e  and 
longitude grids on each chart. T r iangu la tion  to landmarks provided 
coordinates independent o f la t i tu d e  and longitude. The requirements o f 
the landmarks selected fo r  th is  purpose were b a s ic a l ly  tha t th e ir  
pos it ion  be recorded on both the base chart and hydrographic survey 
sheets. By im p lic a t io n  then, the landmarks should p e rs is t  through the 
period which the bathymetric comparisons are made, and be absolute ly 
recognizable on both charts. Furthermore, the landmarks should be 
selected w ith in  a reasonable distance from the transect end points tha t 
are being transposed.
In the lower reaches of the estuary, downstream o f M allory 's Point 
(72 km), landmarks were s u f f i c ie n t l y  numerous so t r ia n g u la t io n  could be 
l im ite d  to distances o f one m ile  (1.6 km). Maximum re pos it ion ing  e rro rs  
are estimated to be less than 50 fe e t (15.24 m), assuming 0.8% medium 
shrinkage (measured) and 1.0 degree maximum erro r in reading angles to 
and from landmarks. Errors due to t ra n s fe r r in g  the transect pos it ions 
were considered to be acceptable since in s tru c t io n s  to the o r ig in a l
17.
survey party  in 1909 required horizonta l pos it ion ing  to  be accurate to 
80 fe e t  (24.38 m) (S a lle n g e r e t al 1975).
Upriver o f M allory  Point su itab le  landmarks were less numerous 
because hab ita t ion  and construction along the r iv e r  north of 
Rappahannock in 1909 was sparse. Consequently, i t  became necessary to 
increase t r ia n g u la t io n  distances to these landmarks to a maximum of 
three and four m iles (4.8 to 6.4 km), increasing the maximum repos it ion ing  
e rro r  to + 1 2 6  to  +168 fee t (38.4 to 51.2 m) respective ly .
O rig ina l f ie ld  logs from the 1909-10 survey reveal tha t the i n i t i a l  
f ie ld  locations in the upper reaches o f the estuary were probably less 
accurate than pos it ions fixed  in the lower estuary. In some reaches, the 
absence o f s ightable landmarks and the s inuos ity  o f the r iv e r  neces­
s ita ted  locations to be determined by dead reckoning: p lo t t in g
pos it ions  by course and speed. Error determinations fo r  dead reckoning 
are d i f f i c u l t  to  es tab lish , as they are s trong ly  dependent upon the 
s k i l l  o f the navigator. However, some ind ica t ion  of accuracy can be 
gained by inspection o f the soundings made at track l in e  in te rsec tions , 
which revealed few inconsistencies in depth determinations.
In te rp o la t io n  o f  Depths
A fte r  transect l in e  pos it ions  were rep lo tted  on the older survey 
charts (1909-10 and 1953-54) sounding data was entered across the e n t ire  
transect l in e .  In some cases where the transposed transect l in e  f e l l  
d i r e c t l y  over a sounding track o f the survey, soundings could simply be 
trans fe rred  onto the l ine . However, more often than not, transect lines 
e ith e r  c lose ly  pa ra lle led  or p lo tted  between sounding tracks. In these
18.
instances depths had to be in te rpo la ted  between sound tracks.
In te rp o la t io n  was accomplished by contouring soundings in 
accordance w ith  standard procedures, cognizant o f local channel and 
shoreline trends. For example i t  was genera lly  assumed lacking contra­
d ic to ry  evidence, tha t depth contours in excess o f 12 fee t fo l lo w  the 
course o f the thalweg more p red ic tab ly  than the shoreline. Thereby, a 
contour l in e  in te rpo la ted  between two sounding tracks at a depth o f 18 
fe e t would be drawn p a ra l le l  to the thalweg. Contouring depths less 
than 12 fe e t was done in a s im i la r  manner, fo l lo w in g  shoreline and 
shoals ra ther than the thalweg.
Precision o f depth contouring was often improved by inc luding 
soundings fu r th e r  upstream and downstream than required. This provided 
additiona l in form ation concerning shoal depth and extent, in  addition to 
re la t ion sh ip s  o f creeks, marshes, and promontories w ith  bathymetry. The 
q u a l i ta t iv e  observations were he lp fu l in contouring depths where 
soundings were l im ite d .
U lt im a te ly ,  the density o f soundings p lo tted  onto the transect 
l in e s  depend upon the density  o f soundings along h is to r ic a l  sounding 
track l in e s , and the p rox im ity  of the transect l in e  re la t iv e  to the 
sounding track. Where the transect l in e  was r e la t iv e ly  fa r  from 
h is to r ic a l  sounding tracks, the density  o f soundings entered on the 
transect l in e  was genera lly  lower. Also, soundings from shoal areas 
would tend to be less dense than soundings in the v ic in i t y  of the 
channel. P r im a r i ly ,  th is  is  due to the fa c t  tha t shoal bathymetry 
changes less ra p id ly  w ith distance than channel bathymetry, so fewer 
soundings are required.
19.
Transect l in e s  surveyed by the V irg in ia  In s t i tu te  o f Marine Science 
and the U.S. Army Corps o f Engineers have average sounding dens it ies  of 
15 soundings per 1,000 yards. U.S. Coast and Geodetic Survey smooth 
sheets contain sounding tracks w ith  sounding dens it ies  averaging 20 per
1,000 yards. A fte r  in te rp o la t in g  depth by contouring, the density of 
depths marked along transect l in e s  ranged from six per 1,000 yards on 
representative shoals to 12 per 1,000 yards across most channels.
Cross-Sectional P ro f i le s
Cross-sectional p ro f i le s  were drawn on a stable base (Herculene) 
from data p lo tted  along transects from the 1971-73, 1953-54, and 1909-10 
surveys. A horizonta l scale of 1:10,000 was selected inasmuch as the 
m a jo r i ty  o f hydrographic surveys employed th is  scale, and adopting i t  
resu lted  in the fewest scale changes. Transect l in e s  o f the U.S. Army 
Corps o f Engineers o r ig in a l ly  p lo tted  at 1:40,000 and 1:20,000 scales 
were enlarged to the standard 1:10,000 scale by use o f the Map-0-Graph. 
For the v e r t ic a l  axis, a scale o f 1:120 (one inch to 10 fee t) was used. 
I t  was antic ipated tha t the maximum v e r t ic a l  reso lu tion  required would 
be on the order o f fee t ra ther than fra c t io n s  thereof. English un its  
were used ra ther than m etric  since soundings t r a d i t io n a l ly  used the 
English system of measurement.
A to ta l  of 128 cross-sectional p ro f i le s  were prepared in accordance 
w ith  the sp e c if ica t ions  above: 52 p ro f i le s  from the surveys o f  1971-73;
e igh t p ro f i le s  from the 1954 survey; and 68 p ro f i le s  from the 1909 sur­
vey. From these, 52 sets o f paired sequential p ro f i le s  resulted which 
r e f le c t  bathymetric changes during the 64-year period o f 1909 to 1973
2 0 .
(Appendix A ) .
Comparison o f sequential p ro f i le s  requires precise pos it ion ing  of 
transect end points in both v e r t ic a l  as well as horizonta l planes. As 
p rev ious ly  mentioned, t r ia n g u la t io n  of transect ends provided the method 
by which the horizonta l pos it ions  o f the transect l in e s  were determined. 
V e r i f ic a t io n  was accomplished by comparing local shore erosion rates 
(Byrne and Anderson 1977) w ith  the shoreline changes indicated by the 
sequential p ro f i le s .  Vellum trac ings o f 1909 and 1967 shorelines were 
used to  check re su lta n t shoreline pos it ions on the sequential p ro f i le s .  
The horizonta l pos it ion  o f a p r o f i le  w ith in  a set was adjusted only when 
both methods o f v e r i f ic a t io n  revealed inaccurate pos it ion ing  by 
t r ia n g u la t io n .
V ert ica l Adjustment
Vert ica l adjustments were required in order tha t p r o f i le  comparisons 
reveal changes due to  scour and f i l l  only, w ithout the con tr ibu t ing  
e f fe c ts  o f eusta t ic  sea level r is e  or crusta l warping. The ra te  o f 
eus ta t ic  sea level r is e  was taken as + 1.0 m i l l im e te r  per year (0.0033 
fee t/yea r)  a f te r  Holdahl and Morrison (1974). For a p r o f i le  pa ir 
representative  of a 64-year period (1909-1973) the adjustment applied 
was the product of the ra te  times 64 years, or 6.4 centimeters (0.21 
fee t) .  Rates o f c rus ta l downwarping were shown to be 2.4 m il l im e te rs  
per year (0.008 fee t/year) downriver, and 2.0 m i l l im e te rs  per year 
upriver o f  Totuskey Creek (Holdahl and Morrison 1974). Over a 64-year 
period, downward crusta l movement is  15.4 centimeters (0.51 fee t)  in the 
lower reaches, and 12.8 centimeters (0.42 fee t)  in the upper reaches o f
2 1 .
the estuary.
Both eus ta t ic  sea level r is e  and crusta l downwarping cause an 
increase in water depth in otherwise stable reaches o f the estuary. In 
terms of p r o f i le  comparisons, these processes produce greater depths in 
areas th a t remained stable over the 64-year period.
The convention fo llowed in making adjustments fo r  sea level r is e  
and c rus ta l downwarping was to add the magnitude o f change to the older 
p ro f i le s .  In th is  way, the movement a t t r ib u te d  to these processes over 
a 19-year and 64-year period would be added to the 1954 and 1909 
p ro f i le s ,  respec tive ly .
Cross-section area determinations were made, u t i l i z in g  the 
planimeter mode o f the Numonics E lectron ic  D ig i t iz e r  Model No. 1224. 
Measurements were repeated three times and the average of the three 
areas measurements used. Adjustments fo r  sea level r is e  and crusta l 
warping were made p r io r  to area measurements.
A fte r  appropriate pos it ion ing  adjustments were made and cross- 
sectional area determined, the p ro f i le s  were bound together as 
sequential overlays fo r  comparison and tabu la tion  o f v e r t ic a l  change. 
Cursory observations made at th is  time revealed tha t shoal bathymetry 
exh ib ited less v a r ia t io n  between successive p ro f i le s  than did the slopes 
and channels: a fa c t  used in determining the reso lu tion  with which to
quan tify  v e r t ic a l  change. The slope break was id e n t i f ie d  as a natural 
marker separating these two d is t in c t  bathymetric zones.
2 2 .
Measurements o f  Ve rt ica l Change
In tabu la t ing  v e r t ic a l  change from sequential p r o f i le  sets, the 
transect l ines  were segmented and the average v e r t ic a l  change w ith in  
each segment length was determined. The length o f each l in e  segment 
represents the reso lu t ion  w ith  which the data was extracted from the 
p ro f i le s .  Greater reso lu t ion  required in slope and channel areas 
necessitated f in e r  segmentation o f the transect l in e  w ith in  the l im i t s  
o f the slope break.
On each cross-sectiona l p r o f i le ,  two predominant slope breaks were 
id e n t i f ie d  and marked on the associated transect l in e . For successive 
p r o f i le  sets where several pa irs o f slope break marks are common, the 
con figu ra tion  re s u lt in g  in the widest trough was adopted (Figure 6). 
Between slope break marks the transect l in e  was divided in to  equal 
segments w ith  a maximum length o f 0.25 inches. Within each segment the 
v e r t ic a l  change (height d iffe rence  between bottom traces) was measured 
at f iv e  points and the a r ithm e tic  average used to characterize the 
v e r t ic a l  change at the section. Outside the l im i t s  of the slope break 
segment lengths were greater, owing to the requirement fo r  o f lower 
reso lu tion . In most cases, the imposed p a r t i t io n in g  terminated at the 
three foo t depth contour. Vert ica l changes shoreward o f th is  point were 
measured wherever soundings existed.
Trans!ation o f V ert ica l Change to the Horizontal
Determination of v e r t ic a l  changes from comparative p ro f i le s  was 
made to  a rr ive  at vo lum etric  measurements o f scour and f i l l  along the
Figure 6. Measurements o f  bathymetric change from 
cross-sectiona l p r o f i le  transects .
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e n t ire  length o f the estuary. To accomplish th is ,  v e r t ic a l  changes 
measured at each transect segment were projected h o r iz o n ta l ly  in both an 
upstream and downstream d irec tion .
Figure 7 i l lu s t r a te s  the method used to p ro jec t the v e r t ic a l 
changes h o r izo n ta l ly .  B isectr ices were drawn between transect l in e s , 
d e l im it in g  the horizonta l l im i t s  over which v e r t ic a l  changes were pro­
jected. Slope breaks were located and marked on the b isec tr ices  accord­
ing to sounding data from the 1909-10 survey. S im ila r ly ,  the la s t  depth 
contour used to mark the shoreward l im i t  o f  the transect l in e  segmenta­
t io n  was located and marked on the b isec tr ices . These points are shown 
connected by heavy lines  on Figure 7. The b isec tr ices  were then 
divided in to  the same number o f segments as the associated transect 
l in e ,  and lines  connecting the d iv is ions  were drawn. From th is  
con figu ra tion , areas corresponding to each segment (on both sides o f the 
transect l in e )  were measured using the Numonics d ig i t iz e r .  The product 
o f the area times the average v e r t ic a l  change resulted in the volume 
change at each transect l in e  segment. The to ta l  volume change fo r  each 
portion  o f estuary length was determined by summing the volume change at 
each transect l in e  segment. The magnitude o f deepening or shoaling 
w ith in  each portion  o f estuary length is  indicated by the to ta l  volume 
change measurement.
Conversion o f Volumetric Change Measurements to Units of Mass
To permit d ire c t  comparison between various components in the 
sediment budget, vo lum etric measurements o f deepening and shoaling were 
converted to un its  o f sediment mass. This required tha t the volume of
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Figure 7. Pro jecting bathymetric changes 
lo n g i tu d in a l ly  throughout the 
estuary.
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deposited (or eroded) m a te r ia l,  a m ixture of so lid  (mineral) sediments, 
organic sediments, water and gas be converted to the mass o f dry, so lid  
sediment. To accomplish th is  conversion a m odifica tion  o f the 
methodology developed by Hobbs (1983) was adopted. Instead of 
a r r iv in g  at a mass determination o f dry, non-organic sediment, the 
method used here re s u lts  in a mass determination o f dry, organic and 
mineral sediments. This departure from Hobbs (1983) methodology 
was necessary because the data set fo r  the Rappahannock estuary lacks 
s u f f ic ie n t  in form ation on carbon content to remove organic sediments 
from the f in a l  mass determinations. E sse n t ia lly  the procedure requires 
th a t the volume and mass o f water be removed from the materia l and tha t 
several assumptions be accepted concerning the sediment package.
The primary assumptions are: 1) tha t the density o f pore water is
1.0 grams per cubic centimeter; 2) tha t the sediment package is
completely water-saturated (the volume and mass o f gas approach zero);
and 3) tha t the density  o f the dry, so lid  m ateria l (organic sediments
and mineral grains) is  2.7 grams per cubic centimeter. The f i r s t
assumption is  both convenient and ju s t i f i a b le  fo r  water temperatures and 
s a l in i t ie s  common to the Chesapeake Bay and i t s  t r ib u ta r y  estuaries 
(Hobbs 1983). The second assumption is  necessary as there are no 
means w ith in  the Rappahannock data set to determine gas content. The
f in a l  assumption, a dry so lids  density  o f 2.7 grams per cubic
centim eter, assigns the same average density  value to the organic 
f ra c t io n  o f the sediment package as tha t used by Hobbs (1983) fo r
the mineral f ra c t io n .  The e f fe c t  tha t th is  assumption has on the f in a l
mass determ inations depends upon the amount and kind o f  organic 
sediments in the sediment m ixture. For example, i f  the sediment m ixture 
at a s i te  contained 30 percent organics and 70 percent mineral grains, 
and the organic f ra c t io n  was composed o f peat debris w ith  a density o f 
0.84 grams per cubic centimeter (Weast 1971), then the assumed bulk 
density  o f 2.7 grams per cubic centimeter would re s u l t  in a 26 percent 
over estimate o f the to ta l  sediment mass. However i f  at another loca­
t io n ,  the sediment m ixture contained 50 percent mineral sediment and 50 
percent oyster she ll fragments w ith  a shell density  o f 2.71 grams per 
cubic centimeter (Weast 1971), then the assumed bulk density  o f 2.7 
grams per cubic centimeter would re s u lt  in an accurate estimate o f the 
to ta l  sediment mass. Since the amount and density  o f organic m ateria l 
in  the sediment package cannot be p rec ise ly  determined fo r  every loca­
t io n  where bathymetric comparisons were made, a value of 2.7 grams per 
cubic centimeter was adopted fo r  both mineral and organic components.
With these assumptions i t  is  r e la t iv e ly  easy to convert wet volume 
to  dry mass. Given the volume and representative water content to mass 
transformation is :
= 2-7 (1-Wc)
( /s  - /w ) W c  + 1
Where M is  the mass in grams per cubic centimeter or m etric  tons per
cubic meter, and Wc is  the water content expressed as Ww (Hobbs
Ww + Ws
(1983). A graph o f th is  equation is  shown in  Figure 8. The
water content r a t io  used here ( Ww ) is  compared w ith  another commonly
Ww + Ws
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Figure 8. Graph o f  conversion o f  water 
content to m etric  tons per 
cubic meter.
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used water content r a t io ,  Wc = Ww, in Appendix B (Ww in the preceding
W s "
section is  weight (mass) o f water, and Ws is  the weight (mass) o f the 
so lid  sediment).
The only problem remaining in the wet volume to dry mass conversion 
is  se lection  o f a water content tha t is  representa tive  o f the volume o f 
m ateria l (deposited or eroded) at the s ite s  where bathymetric change was 
measured. Since data fo r  the Rappahannock estuary are not adequate to 
make d ire c t  estimates of water content at each o f these s ite s , average 
water content values were sought to represent la rger segments o f the 
estuary. To do th is ,  water content data fo r  surface sediments and 
buried sediments to  50 centimeters depth were examined from 49 s ites  
throughout the lower 115 k ilom eters of the estuary (Appendix C). Since 
these data were co llec ted  from channels and deep shelves where 
approximately 75 percent (by volume) of the f i l l  in the estuary is  
deposited, i t  seems log ica l to use these data to f in d  representative 
sediment water content values and ignore any la te ra l  va r ia tions  
presented by the remaining 25 percent o f f i l l .
In Figure 9 (A,B,C and D), water content data fo r  surface sediments were 
compared w ith  four variab les (distance up rive r, depth, sediment tex tu re , 
and deposition ra te) to  determine i f  average water content can be 
predicted by parameters w ith  values tha t are known throughout the e n t ire  
estuary. From these data i t  does not appear tha t a simple b iva r ia te  
re la t io n s h ip  e x is ts  between surface sediment water content and the 
selected variab les. However, the graph o f water content verses distance 
(Figure 9A) does ind ica te : 1) tha t the average surface sediment water
30.
Figure 9A. Moisture (%) vs. distance u p r iv e r .
9B. Moisture { % )  vs. normalized depth.
9C. Moisture {% )  vs. s i l t  and c lay f ra c t io n .
9D. Moisture ( % )  vs. deposition in  channel.
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content is  higher in the lower and middle portions o f the estuary (0 to 
50 k ilom eters) and lower in the upper estuary (50 to  115 k ilom eters); 
and 2) th a t the variance o f water content values is  lowest in the middle 
estuary and abrup tly  increases in  the lower and upper estuary. Further­
more, examination o f water content data fo r  sediment buried to 50 
centimeters reveals th a t the s im i la r i t ie s  in  trend and variance o f water 
content in surface sediment o f the lower, middle, and upper estuary 
p e rs is t  throughout the uppermost h a lf  meter o f the sediment column 
(Figure 10). This suggests th a t long itud ina l va r ia t ion  o f sediment water 
content may be s a t is fa c to r i ly  represented by one average water content 
p r o f i le  fo r  each segment o f the estuary. The average water content 
p ro f i le s  in Figure 11, depict average, water contents fo r  the sediment 
envelope in the lower (0 to 40 k ilom eters), middle (40 to 61 k ilom eters) 
and (61 to  105 kilometers) o f the estuary.
The three average water content p ro f i le s  were rep lo tted  in Figure 12 
to perm it comparison w ith  Hobbs (1983) e m p ir ica l ly  derived water content 
p ro f i le s .  The fa m i ly  o f curves in the f ig u re  represent data from 1 
meter cores taken in  the lower Chesapeake Bay by the Maryland Geological 
Survey (Byrne et al 1982). The curve fo r  surface water contents greater 
than or equal to 70 percent provided the c losest match to  surface 
sediment water content in the estuary and was used as a reference to 
extend the three average water content p ro f i le s  fu r th e r  in to  the 
sediment column. The average water content (Wqq) fo r  depth changes 
observed in the lower, middle and upper estuary were calculated from the 
appropriate p r o f i le  in Figure 13. Then Figure 8 was used to obtain the 
equiva lent mass ( in  m etr ic  tons per cubic meter) from the v e r t i c a l ly
32.
Figure IQ. Water content vs. depth o f  huria l
fo r  lower, middle and upper estuary.
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Figure 11. Water content vs. depth o f  b u r ia l ,
averages fo r  lower, m iddle, and upper 
estuary.
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averaged water content. A l i s t i n g  o f the conversion fac to rs  used fo r  
the volume to mass conversions are provided in the data summary in 
Appendix F .
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ANALYSIS OF ERRORS IN BATHYMETRIC COMPARISONS
In troduc tion
Errors inherent in bathymetric comparisons can occur as systematic 
errors re s u l t in g  from a p a r t ic u la r  instrument or technique o f measurement, 
or random errors produced by unpredictable va r ia t io n s . In t h is  section 
the systematic e rro rs  p e rt in e n t to  bathymetric comparisons w i l l  be d is ­
cussed and where appropriate th e i r  e f fe c ts  removed from the f in a l  com­
parisons. Random erro rs  cannot be compensated fo r  and the re fo re  w i l l  be 
incorporated in to  an expression o f variance o f the f in a l  ca lcu lated 
v e r t ic a l  change. Table 1 provides a b r ie f  summary o f the erro rs  
encountered when bathymetric comparisons are made.
Systemic Errors
Eusta tic  Sea Level Rise and Crustal Warping:
Systematic e rro rs  a r is in g  from long period or progressive processes 
become s ig n i f ic a n t  when comparing bathymetric data taken several decades 
apart. Corrections fo r  eu s ta t ic  sea level r is e  and c rus ta l warping were 
made to  e l im in a te  th is  source o f e rro r  from bathymetric comparisons 
( re fe r  to  Table 1  and Methods Section fo r  co rrec tion  app lied ).
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Table 1. Sources of e rro r  inherent in bathymetric comparisons. 
(Refer to  te x t  fo r  d iscussion.)
SOURCE CORRECTION APPLIED
S
Y
S E 
T R 
E R 
M 0 
A R 
T 
I 
C
Eustatic sea level r is e  
and crus ta l downwarping
Reference to common 
mean low water datum
Leadline and fathometer 
inconsi stencies
+(time span) X 3.4 mm/yearl 
+(time span) X 3.0 mm/year
+ 0.4 fe e t (0.122 meter)
+_ 0 feet3
+ 3 .5  fee t (1.05 meters)
SOURCE MAXIMUM ERROR
R E I n i t i a l  sounding + 1.0 fee t (0.305 meter)
A R
N R Reference to v e r t ic a l + 0.5 fee t (0.15 meter)
D 0 datum
0 R
M S MSL va r ia t io n + 0.3 foo t (0.09 meter)
Horizontal pos it ion ing + 1.0 foo t (0.3 meter)®
T 3.0 fee t (0.9 meter)6
Explanation o f symbols:
1Refers to lower h a lf  o f study area, downstream of Totuskey Creek. 
2Upper h a l f  o f  study area, upriver o f Totuskey Creek.
^Variance fo r  hard substrate.
4Variance fo r  so ft  mud substrates.
Downriver o f Mallorys Point.
6Upriver o f Mallorys Point.
Reference to Mean Low Water Tidal Datum:
Another source o f systematic e rro r  can occur when soundings are 
referenced to a t id a l  datum. Mean low water was used as the v e r t ic a l  
datum fo r  a l l  surveys in th is  study. However, e a r ly  U.S. Coast and 
Geodetic charts (p r io r  to and inc lud ing 1909-10) referenced soundings to 
a mean low water datum established upon t id a l  observations at 
Rappahannock; whereas the U.S. Army Corps o f Engineers used a mean low 
water datum based upon t id a l  observations at Hampton Road, V irg in ia . 
Tidal observations at Rappahannock were made by the National Ocean 
Survey branch o f NOAA, from June to August 1970 and again from A p r i l  to 
June 1971. Hampton Roads observations were made during the 19-year 
National Tidal Epoch which cu r re n t ly  includes the years 1941-1959. 
Comparison o f these observations ind ica te  tha t mean low water datum at 
Hampton Roads is  0.4 foo t higher than mean low water datum determined at 
Tappahannock (Nichols and Thompson unpublished notes). In order to 
compensate fo r  the observed d if fe rence , a 0.4 fo o t correction  fa c to r  was 
added to soundings p lo tted  on the U.S. Coast and Geodetic Survey charts 
(1909-10) and to  the soundings made by the Nichols and Thompson (1971).
Leadline and Fathometer Soundings:
S im i la r i t ie s  in the e rro r c r i t e r ia  fo r  lead line  and fathometer 
soundings (discussed previously) imply tha t the two sounding techniques 
are not s ig n i f ic a n t ly  d i f fe re n t .  In an attempt to es tab lish  tha t the 
techniques are comparable, Sal l in g e r  et al (1975, page 17) states tha t,  
"a comparative experiment between lead line  and echo sounder by Roy
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(1970) . . . found no s ig n i f ic a n t  d iffe rence." Unfortunately, the 
experiment Sa ll inger re ferred to  is  in d ica t ive  of a ra ther small, 
sheltered lagoon w ith  a predominantly sandy mud bottom, and not 
necessarily  representative  o f other areas. Also, the conclusions made 
by Roy were based upon on ly eleven lead line  soundings. Therefore, the 
question s t i l l  remains, are lead line  and fathometer soundings 
comparable? Are they comparable in  the Rappahannock River?
An e a r l ie r  inves tiga t ion  comparing the soundings by lead line  and 
fathometer was conducted by Watts (1954) in the Delaware Bay. Eighteen 
comparative soundings were made using a standard 8-pound (3.63 
kilograms) lead and Bludworth fathometer (14.25 k i lo h u rtz ) .  Soundings 
were made transverse to the channel in depths ranging from 30 to 50 fee t 
(9.1 to 15.2 meters). Bottom sediments were predominantly f lu id  muds at 
the sediment-water in te rface  and graded in to  r e la t iv e ly  f i rm  mud with 
increasing bu r ia l depth. The re su lts  revealed tha t lead line  soundings 
y ie ld  co n s is te n t ly  deeper depth determinations than the fathometer. 
Soundings made by the two techniques diverged between 1.0 and 8.7 fee t 
(0.30 to 2.7 meters), w ith  an average d iffe rence  of 3.5 fee t (1.06 
m eters).
The re su lts  of Watts (1954) experiment compels one to believe tha t 
lead line  and fathometer soundings can y ie ld  d i f fe re n t  resu lts . Leadline 
soundings measure the depth at which the upward resistance o f the 
sediment plus f r i c t i o n  equals the downward momentum o f the lead, whereas 
fathometers, through transmission of u ltrason ic  sound, measure the depth 
at which a s u f f ic ie n t ly  sharp gradient ex is ts  between water and sediment
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to  r e f le c t  most of the emitted sound. The true  depth l ie s  somewhere 
between these two measurements. In areas where the bottom substrate is  
f i rm ,  the two methods are probably comparable as Roy (1970) has 
determined; however, where bottom sediments are very s o f t ,  the 
d if fe rence  can be s ig n i f ic a n t .
As a re s u l t  o f d iffe rences inherent in lead line  and fathometer 
soundings, determ inations o f shoaling in fe rred  from bathymetric changes 
represent maximum values, whereas determinations o f deepening represent 
minimum values. To evaluate the e ffe c ts  o f the two techniques on f in a l  
mass determ inations i t  was assumed: 1) tha t lead line  and fathometer 
soundings are id e n t ica l in areas w ith  f i rm  bottom substrates; and 2) 
th a t fo r  the same depth, fathometer soundings are co n s is te n t ly  3.5 fee t 
(1.06 meters) shallower than lead line  soundings in areas w ith  so ft 
bottoms. Since so ft bottoms are genera lly  c h a ra c te r is t ic  of deep 
portions o f the estuary, 3.5 fee t was added to fathometer soundings in 
deep areas only. In the lower estuary (0 to 55 km.) the correction  
fa c to r  was added to soundings in depths greater than 24 fee t (7.3 
meters). However, in the upper estuary (55 to 104 km.) so ft  bottoms 
occur in shallower areas, so the correction  fa c to r  was added to 
soundings made in depths greater than 12 fee t (3.7 meters). Appendix F 
l i s t s  the re su lts  o f these corrections fo r  bathymetric changes 
throughout the e n t ire  estuary. Estimates o f the to ta l  mass of f i l l  from 
adjusted and unadjusted soundings provide a range of values w ith in  which 
the actual mass o f f i l l  probably ex is ts  ( fo r  re su lts  re fe r  to Mass of 
F i l l  in  the Estuary section).
Compaction:
Compaction is  defined as the loss o f water from a layer o f 
sediment, due to  compression a r is in g  from the deposition o f  overly ing 
sediment. In the case o f sedimentary m ateria l composed p r im a r i ly  o f 
sand, compaction is  not s ig n i f ic a n t  and va r ia t ion s  o f  water content w ith  
depth re s u l t  from i n i t i a l  va r ia t io n s  of water content at the time o f 
deposition. However, compaction can be s ig n if ic a n t  fo r  f ine -g ra ined  
muds, re su lt in g  in c loser packing o f so lid  p a r t ic le s  w ith  consequent 
expulsion o f pore water (Berner 1980).
To estimate the e ffe c ts  o f compaction on measurements of 
bathymetric change we need only consider the deeper portions o f the 
estuary, where f in e  grained muds have accummulated. Since measurements 
o f  bathymetric change from 1909 to  1973 r e f le c t  syndepositional 
compaction in tha t section o f the sediment column, i t  remains only to 
determine the degree o f compaction in the underlying layers due to the 
mass o f overburden deposited a f te r  1909. To do th is ,  the fo l lo w in g  
assumptions are necessary: 1) tha t a constant ra te  o f deposition and a
steady sta te  o f compaction have prevailed fo r  at least tw ice  the 
observational period fo r  bathymetric changes (or 128 years); 2) tha t the 
average ra te  o f deposition fo r  f ine-gra ined muds is  approximately 2 
meters per 64 years (0.03 meters per year); 3) tha t the uppermost 2 
meters of the sediment column has maintained an average in - s i tu  water 
content o f 55 percent fo r  the past 128 years; and 4) tha t below 2 meters 
depth o f bu r ia l a uniform water content o f 35 percent is  atta ined by 
compression produced by overly ing  sediments. The f i r s t  assumption is
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necessary because deposit iona l ra tes and average in - s i t u  water contents 
in  the sediment layer deposited between 1909 and 1973, were used to 
in fe r  avergage in - s i t u  water content (which is  a func tion  of 
depos it iona l ra tes , c lay  mineralogy and ra te  o f  compaction, Berner 1971 
and 1980) and deposit iona l ra tes p r io r  to 1909. The second assumption 
is  an approximation o f the average shoaling ra te  fo r  depths greater than 
24 fe e t  (7.3 meters) as in fe rre d  from bathymetric changes from 1909 to 
1973. The th i r d  assumption is  based upon v e r t i c a l l y  averaged in - s i t u  
water contents derived from the fa m i ly  o f curves in Figure 13, re la t in g  
water content w ith  depth o f  b u r ia l fo r  f ine -g ra ined  sediments. The 
assumptions o f a constant ra te  o f deposition and a steady sta te  of 
compaction provide fo r  c o n t in u i ty  in the average water content fo r  the 
uppermost 2 meters throughout the 128 year period. F in a l ly ,  the fou rth  
assumption tha t a 35 percent water content is  a tta ined by compression 
below 2 meters sediment depth represents a near minimum water content 
fo r  f ine -g ra ined  muds. In the Rappahannock River Estuary in - s i tu  water 
content data (Figure 10) ind ica te  a minimum water content o f 
approximately 45 percent w ith in  the uppermost 0.5 meters o f sediment, 
however in - s i t u  water contents fo r  greater depths o f b u r ia l are not 
known. Berner (1980) shows th a t  fo r  continuous deposition o f f in e ­
grained muds, water content decreases exponentia l ly  w ith  depth o f bu r ia l 
and approaches an asymptotic value o f approximately 35 percent below 20 
meters sediment depth. According to Berner (1971) below a water content 
o f  approximately 35 percent, f ine -g ra ined  sediments begin to undergo a 
d i f fe re n t  type o f compaction; in  which the ra te  o f compaction is  
c o n tro l le d  by the deformation and f i l l i n g  o f in te rs t ic e s .  T yp ic a l ly
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th is  occurs at b u r ia l depths in excess o f 100 meters. Hence, an 
estimate o f compaction based upon a uniform 35 percent water content 
below 2 meters sediment depth re s u lts  in maximum value fo r  compaction.
Based upon these assumptions we can now estimate the maximum amount 
o f compaction below 2 meters o f f i l l ,  deposited between 1909 and 1973.
In Figure 14A, Layer 1 represents the sediment layer deposited during 
the 64 year period p r io r  to  1909. Compaction at the time o f deposition 
has resu lted  in a sediment layer 2 meters th ic k  w ith  an average water 
content o f  55 percent. At depths greater than 2 meters a uniform water 
content o f  35 percent re s u lts  from compression o f the sediment column by 
the weight of sediment deposited in Layer 1. During the fo l lo w in g  64 
year period (1909 to  1973) Layer 2 is  deposited. Again the uppermost 
layer has a thickness o f 2 meters and an average water content of 55 
percent (Figure 14B). But not Layer 1 has experienced compression due 
to the weight o f  overburden in Layer 2. Expulsion o f pore water during 
compression has decreased the average water content to 35 percent and 
has reduced the thickness o f the sediment layer. The maximum reduction 
o f  Layer 1 can re a d i ly  be determined from the in fo rm ation  given above.
I f  Layer 1 i n i t i a l l y  had an average water content o f 55 percent (by 
weight), then from Figure 8, the corresponding dry sediment weight per 
cub ic  meter is  0.62 x 106 gms. or 1.24 x 106 gms. f o r  2 meters o f  f i l l .  
Since the to ta l  weight (Wt) o f the sediment-water m ixture is  equal to 
the weight o f i n t e r s t i t i a l  water (Ww) and weight o f  dry sediment (Ws):
Wt = Ww + Ws
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Figure 1 . Maximum compaction o f  
sediment.
f ine -g ra ined
46.
TIM
E 
TI
M
E
CoN
Co
c u o aN CL
S i
C . <J
3
f f i
»r»lO
:• >> uu
T
(A
•0M
I TI C 
I
' a ^
§ | t
N  E  
o °
jC  O'
<X> °
Oa* .o
y >
| *
+ * -p
0  
a  t> 
U  -P  
•> 0
«r
’§ NCM «
«Pa eft
•H ^
" I
S 3
Js•8
m
o :• «• ci
ITW
w .
> *
- s *vo
♦
CM V
U trs
then, Wt = Ww + l-?4  x 106 gms.
and, wt  (1 - 0.55) = 1.24 x 106 gms.
Therefore, Wt = 2-76 x 106 gms.
and, Ww = (2.76 x 106 gms.) - (1.24 x 106 gms.)
= 1.52 x 106 gms.
Now, the i n i t i a l  volume of sediment (Vs) and water (Vw) in the sediment 
layer can be found, since:
vs = Ws and Vw = Ww
f t -  j x r
S ubstitu t ing  fo r  Ws ancj Ww an(j the dens it ies  o f the sediment (/s) and 
water { / * )  we obta in :
Vs = 1.24 x 106 gms = 0.46 x 106 cm3; and Vw = 1.52 x 106 gms = 1.52 x 106 cm3. 
2.7 gms/cm3 1.0 gms/cm^
(The to ta l  volume per u n it  area (Vt) is  simply 2 x 106 gms. or 2 cubic meters.)
Now, a f te r  the average water content of Layer 1 is  reduced to 35 percent:
Ws (remains constant) = 1.24 x 106 gms.
and,
Wt (1 -  0.35) = 1.24 x 106 gms.
Wt = 1-91 x 106 gms.
Ww = (1.91 x 106 gms.) -  (1.24 x 106 gms.)
Ww = 0.67 x 106 gms.
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Now, the f in a l  volume o f sediment and water in Layer 1 a f te r  compaction is :
O
Vs (remains unchanged) = 0.46 x 106 cm
vw -  0.67 x 106?gms. = 0.67 x 106 cm3
1.0 ■gmr/cnr
vt  = (0.46 x 106 cm3) + (0.67 x 106 cm3)
= 1.13 x 106 cm3
And the volume change re s u lt in g  from compaction is :
Vt ( i n i t i a l )  - Vt ( f i n a l )  = 2.0 x 10^ cm3 - 1.13 x 106 cm3
= 0.87 x 106 cm3 (or 0.87 cubic meters)
Since we are in terested in the v e r t ic a l  change o f Layer 1 (per u n it  
area) re su lt in g  from compaction, the volume change obtained above can be 
expressed as:
A x  = 0.87 x IQS cm3 = 0.87 x 102 cm = 0.87 meters 
104 cm^
(2.85 fee t)
As a re s u l t  o f compaction in Layer 1, measurements o f bathymetric 
change (derived from comparisons o f soundings recorded on old and new 
hydrographic survey charts) tend to  underestimate the amount o f shoaling 
th a t has occurred in the time span between successive surveys. Under 
the condit ions established fo r  estim ating the maximum degree o f 
compaction, shoaling would have been underestimated by 0.87 meters (Ax 
in Figure 14). In con tras t, d iffe rences inherent in  lead line  and 
fathometer soundings (from the preceding section) were found to 
overestimate shoaling by approximately 1.1 meters in  portions o f the 
estuary where f ine -g ra ined  sediment has accummulated. Therefore, these 
two sources o f systematic e rro r are l i k e ly  to cancel each other out.
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This im p lies  tha t the maximum mass of f i l l ,  ca lcu lated from soundings 
th a t were unadjusted fo r  e ith e r  compaction or lead line  and fathometer 
d if fe rences , is  c loser to the actual f i l l  deposited in the estuary 
between 1909 and 1973.
Random Errors
A fte r  compensatory co rrections fo r  systematic e rro rs  are applied to 
bathymetric changes, inaccuracies due to  random erro rs  remain. Random 
erro rs  can r e f le c t  unpredictable perturbations associated w ith  the 
trends o f long term processes or the unpredictable e rro rs  re s u l t in g  from 
l im i ta t io n s  in various techniques o f measurement. The fo l lo w in g  is  a 
discussion o f such e rro rs  and th e i r  combined e f fe c t  upon the re su lts  o f 
the bathymetric comparisons.
Table 2. Instruments and Techniques Employed by National 
Ocean Survey (NOAA) fo r  Shore Controlled Surveys 
(modified from Shalowitz, 1964, p. 229-232).
S O U N D I N G
Approximate Dates Instruments
Inception to 1930's ( i ) graduated pole to 10 or 15 f t .
(2) lead line  th e re a fte r
1930's to present (1) graduated pole in shoal water
(2)
ic
echo sounder, the rea fte r
Echo sounder f i r s t  placed on a survey vessel in spring o f 1925 
(Hawley, 1931, p. 55-56) and used at depths greater than 15-20 
fathoms through the ea r ly  1930's.
I n i t i a l  Sounding Errors:
E sse n t ia l ly  three methods fo r  depth determination were used since 
the inception o f the U.S. Coast and Geodetic Survey branch o f the Department 
o f the In te r io r .  These include: lead line , fathometer, and graduated
pole. Leadline soundings were used in conjunction w ith  a graduated pole 
p r io r  to  1930, a f te r  which the use o f fathometers began to phase out 
lead line  soundings ( re fe r  to  Table 2). Accuracy standards gleaned from 
in s tru c t io n s  to hydrographers between 1860 and 1894 ind ica te  the maximum 
a llowable e rro r  in depths less than 11 fathometers (20.1 meters) ranged 
between +_ 0.75 and.+1.0 fo o t (0.23 - 0.3 meter). Accuracy standards 
adopted in 1955 by the Seventh Cartographic Consultation o f the Pan
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American In s t i tu te  o f Geography and H istory set the maximum v e r t ic a l  
e r ro r  fo r  hydrographic soundings in  depths less than 11 fathometers 
(20.1 meters) at +_ 1.0 fo o t (0.3 meter). Based upon these e rro r 
c r i t e r ia ,  an accuracy o f +_ 1.0 fo o t was assigned to the i n i t i a l  sounding 
e rro r  fo r  a l l  surveys used.
Reference to  Vetica l Datum:
Regardless o f the survey each sounding must be referenced to a 
v e r t ic a l  datum, in  th is  case mean low water (MLW). S a ll inger et al 
(1975, page 18) spec if ies  tha t the maximum allowable e rro r is  required 
to  be no greater than one-half tha t specif ied  fo r  measurement o f depth. 
Therefore, the maximum va r ia t io n  is  considered to be +_ 0.5 foo t (0.15 
meter) fo r  re ferencing soundings to  MLW.
Mean Sea Leve l:
Seasonal v a r ia b i l i t y  in mean sea level can re s u l t  from meteorologi­
cal pe rtu rba tions , r iv e r  discharge, currents , and water temperatures. 
Hicks and Crosby (1974) ca lcu lated the maximum v a r ia b i l i t y  or more 
c o r re c t ly  standard devia tion o f mean sea level r is e  to be +_ 0.1 foo t 
(3.03 centimeters) over a 44-year period from 1928 to  1972. Further­
more, the authors s ta te  tha t fo r  a l l  p ra c t ica l purposes, "the yearly  
mean sea le v e l va lues w i l l  d i f f e r  from the . . . ( re g re ss io n )  . . . l in e  
by less than three times the v a r ia b i l i t y . "  From these data the maximum 
v a r ia b i l i t y  adopted fo r  the sea level r is e  trend was taken as three 
times the standard devia tion o f + 0.3 fo o t (9.09 centimeters).
Horizontal Pos it ion ing :
Je ffe rs  (1960) ind icates tha t the maximum allowable horizonta l 
e rro r  r e la t iv e  to a shore contro l ranges between _+ 40 fee t (12.2 meters) 
and +_ 80 fee t (24.4 meters) at map scales 1:10,000 and 1:20,000, 
respective ly . Despite the development o f new pos it ion ing  techniques 
during the la s t  century, e rro r  c r i t e r ia  do not r e f le c t  an improvement in 
pos it ion ing  accuracy. This was indicated in a h is to r ic a l  review of 
allowable (v e r t ic a l)  e rro r at sounding l in e  crossings (Sa llinger et al 
1975). Both horizonta l and v e r t ic a l  discrepancies are included in the 
allowable e rro r. E ssen tia lly , the review ind icates tha t in depths less 
than 100 fee t discrepancies should not exceed: 3 percent as o f 1860;
1.5 percent as o f 1878-83; 5 percent e f fe c t ive  1942; and 2 percent as o f 
1960.
The maximum horizonta l pos it ion ing  e rro r taken from Jeffe rs  (1960) 
was used to evaluate maximum v e r t ic a l  errors encountered in the Rappa­
hannock River. In the upper reaches of the estuary where bathymetric 
slopes can reach a maximum o f 12:1 (5° slope) v e r t ic a l  discrepancies o f 
_+ 3 fe e t (0.9 meter) can occur. For moderate slopes more c h a ra c te r is t ic  
o f the lower estuary and shoal areas (less than 84:1 or 0.75° slope), 
v e r t ic a l  errors are less than +_ 1 foo t (0.3 meter). When compared w ith  
the v e r t ic a l  discrepancies revealed in S a ll inger 's  review, the ve r t ic a l 
inaccuracies calculated fo r  d i f fe re n t  slopes in the Rappahannock River 
seem p lausib le . The v a r ia b i l i t y  adopted to represent horizontal posi­
t io n ing  e rro rs  can best be expressed as a range o f values from +_ 1.0 foo t 
to  + 3.0 fe e t .
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Propagation o f Errors in  V e r t ica l Measurements
Since random e rro rs  are trans la ted  in to  v e r t ic a l  inaccuracies 
( i.e .,  _+ x fe e t  o f depth), th e i r  combined e f fe c t  upon the measured depth 
change can also be v isua lized  in terms o f  a v e r t ic a l  inaccuracy. Though 
seemingly t r i v i a l ,  t h is  po in t provides us w ith  the means to determine 
the manner in  which these in d iv id u a l e rro rs  propagate. Young (1962) 
sta tes th a t  i f  in d iv id u a l components o f an expression (x^ X2, x3 
Xn) are added together to  produce some q u a n t ity  (Q),
then the e rro rs  inherent in each component combine in  a sum o f squares 
re la t io n s h ip :
Where Xl = i n i t i a l  sounding e rro rs ;  X2 = reference to  v e r t ic a l  datum; 
X3 = mean sea level v a r ia t io n ;  and X4 = horizon ta l pos it io n in g  e r ro r .
From the e rro rs  established e a r l ie r ,  we have:
n
Q = 2  xi 
1=1
variance = J m T )  2 + (X2)2 + (X3)2 + (X4)2
variance
variance = _+1.5 fe e t  (0.46 meters) 
fo r  areas downriver o f Mallorys Point.
variance = H i .  0)2 + (0 .5)2  + (0 .3 )2  + (3 .0)2
variance = _^3.2 fe e t (0.98 meters)
fo r  areas upriver o f Mallorys Point.
To a large degree the re s u lts  reveal tha t the prec is ion  o f 
ho rizon ta l pos it ion ing  has a dominant e f fe c t  on random v e r t ic a l  errors .
A d is t in c t io n  is  made fo r  the e f fe c ts  o f horizonta l pos it ion ing  accuracy 
in the upper and lower reaches o f the estuary. Since these e f fe c ts  are 
independent o f  each other, they can be combined to y ie ld  two expressions 
o f  v a r ia n ce  (above).
Propagation o f Ve rt ica l Errors in Calculations o f  Volumetric Change
Since bathymetric comparisons were evaluated on a vo lum etr ic  ra ther 
than area basis, i t  is  necessary to determine the extent to which survey 
e rro rs  propagate through to ca lcu la t idhs  o f vo lum etric  change. To do 
th is  we can consider the volume change between successive p ro f i le s  to be 
represented as the volume 'V' and the uncerta in ty  or variance as 'AV'.
For the present, the volume w i l l  be determined as the product o f the 
average v e r t ic a l  change (h), the average width o f the r iv e r  at the 
p r o f i le  crossing (w), and the average length o f ex trapo la tion  p a ra l le l  
to  the long itud ina l axis o f the r iv e r  (1). Associated w ith  each 
component are erro rs  (&h, aw , ^ ) *  assumed to be random and d is tr ib u te d  
norm ally  about the true  value o f each component. The v e r t ic a l  e rro r 
(Ah) consists of random erro rs  associated w ith : i n i t i a l  sounding;
reference to v e r t ic a l  datum; mean sea level va r ia t io n s ;  and horizonta l 
p o s it ion ing  (from the preceding section). The horizonta l e rro r  terms 
(Aw andA l)  account fo r  e rro rs  in  area dimensions only and do not include 
v e r t ic a l  e rro rs  re s u l t in g  from horizonta l pos it ion ing  inaccuracies.
This is  expressed as:
V + A  V = (1+AL) ( w+ a w ) (h+£h)
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A fte r  the expression is  expanded the re s u l t  is :
V +AV = (Iwh) + (lw£h) + (1 ha w ) + (hwAl) + cross products 
The cross product terms are those which contain the product o f  two or 
a l l  th re e  o f  the  va r ia n ce  elem ents (e.g., h^w^l; law^h; w a ha 1 ; e tc . ) .
I t  can be seen th a t  i f  the dimensions o f length (1), width (w), and 
height (h) are very large w ith  respect to the elements o f variance (*1, 
Aw> Ah), then the terms conta in ing the cross products o f two or more 
variance elements are in s ig n i f ic a n t  and can be removed from the 
re la t io n sh ip .  Furthermore, since we are p r im a r i ly  in terested in the 
variance o f  the vo lum etr ic  measurement, the volume component (wlh) can 
also be dropped. The re s u l t  is  the s im p l i f ie d  form o f the equation 
above:
AV = (ahlw) + Uwlh) + (alwh)
Now, we can apply the equation above to  a number o f representative 
bathymetric p ro f i le s  and thereby determine the extent to which i n i t i a l  
e rro rs  in sounding and pos it ion ing  might a f fe c t  the estimate o f vo lum etric  
change between successive p ro f i le s .  Comparative p r o f i le  sets at 13 
transect locations were selected fo r  th is  purpose ( re fe r  to Table 3).
The* transect loca tions are representative  o f the lower estuary (p ro f i le s  
2,4,6,RR 97,RR 94), middle estuary (RR 90,WHISP,BB,Y), and upper estuary 
(RR 84,RR 82,RR 77,RR 73); the p ro f i le s  selected are in d ica t ive  o f a 
v a r ie ty  o f deposition ra tes, diverse estuary geometries, and d i f fe re n t  
spacing between p ro f i le s .  V e rt ica l changes measured along each p r o f i le  
set were averaged and the re s u l t in g  values (column 2) were used to 
determine vo lum etr ic  errors .
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Table 3 summarizes the average volume of sediment change due to 
deepening and shoaling (column 5) and the variance inherent in the 
volume determ ination (column 9). The f i r s t  term in the equation o f 
variance (column 6) accounts fo r  most o f the inaccuracies in the to ta l  
volume determ ination, the remaining terms combined are genera lly  two 
orders o f magnitude smaller. From these re s u lts  i t  may be in fe rred  tha t 
v e r i tc a l  e rro rs  are subordinate to horizonta l e rro rs  in estimates o f 
vo lum etr ic  change.
The in fluence th a t the v e r t ic a l  e rro r  term (Ahlw) has on volumetric 
e rro rs  can also be shown through the f ra c t io n a l e rro r  term, defined here 
as the r a t io  o f the vo lum etr ic  e rro r (&V) divided by the average volume
change (V) (Table 4). Comparison o f the f ra c t io n a l volume e rro r (AV)
— V
w ith  the f ra c t io n a l v e r t ic a l  e rro r  (Ah) reveals a strong re la t ion sh ip
h
between the two ra t io s .  S im i la r i t ie s  in the two f ra c t io n a l e rro r ra t io s  
are the re s u l t  o f area dimensions tha t cancel out in  the f ra c t io n a l 
volume e rro r ra t io .  Inferences tha t can be drawn from these re su lts  
are: 1) th a t the v e r t ic a l  e rro r  term (A h ) is  responsible fo r  nearly
a l l  the v a r ia t io n  in  vo lum etr ic  measurements; and 2 ) tha t volume errors 
fo r  d i f fe re n t  v e r t ic a l  e rro r  terms can be re a d i ly  determined from the 
v e r t ic a l  e rro r  ra t io .  Because ca lcu la t ions  of f ra c t io n a l errors are 
based upon average v e r t ic a l  and vo lum etric  change, f ra c t io n a l e rro rs  in 
Table 4 do not represent actual e rro rs  inherent in vo lum etric  change 
measurements. Actual vo lum etr ic  e rro rs  are l i k e ly  to be nearer to  the 
values l is te d  in parenthesis in  Table 4, which were ca lcu lated from 
measurements o f  volume change. Accordingly, the propagation o f v e r t ic a l  
e rro rs  in ca lcu la t ions  o f vo lum etric  change may range from 13 percent
Table 4. Fractional Errors
Fractional
Volume Error *  Fractional Ve rt ica l Error
Transect No. .AV A hi AH*
V h h
2 0.82 0.37) 0.79 —
4 0.36 0.42) 0.35 —
6 0.49 0.63) 0.48 —
RR 97 0.79 0.23) 0.76 —
RR 94 0.65 0.28) 0.63 —
RR 90 1.93 0.93) 1.89 —
WHISP 1.05 1.15) 1.03 —
BB 1.01 1.07) 0.97 —
Y 1.98 2.28) 1.95 - -
RR 84 1.42 0.88) 1.38 --
RR 82 0.25 0.13) 0.19 0.41
RR 77 1.03 0.54) 0.95 2.03
RR 73 0.28 0.29) 0.20 0.42
♦Calculated from Table 3 where Ah = 1.5 fee t
Explanation A h i = 1.5 fe e t ,  fo r  areas downriver o f Mallorys Point.
Ah2 = 3.2 fe e t ,  fo r  areas upriver o f Mallorys Point.
Units: Standard English un its  can be converted
to metric by use o f the fo llow ing  con­
version fa c to rs :
fee t X (0.3048) = meters 
feet3 X (0.02831) = (meters)3
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( p r o f i le  RR 82) to  228 percent ( p ro f i le  Y). Generally, lower vo lum etr ic  
e rro rs  are ind ica ted  fo r  successive bathymetric p ro f i le s  th a t  have 
undergone the greatest v e r t ic a l  change during the observational period; 
whereas, higher vo lum etr ic  e rro rs  are ind icated fo r  p ro f i le s  th a t have 
the sm a lles t v e r t ic a l  change.
Summary
The components o f sounding and pos it io n io n  e rro rs  discussed in  th is  
section are c la s s i f ie d  as e i th e r  systematic or random erro rs . Ad jus t­
ments fo r  systematic e rro rs  have resu lted  in a range o f values fo r  f i l l  
throughout the estuary ( re fe r  to  Appendix F). The highest estimates 
were obtained a f te r  measurements o f  v e r t ic a l  change were adjusted fo r  
e u s ta t ic  sea leve l r is e ,  c rus ta l warping and reference o f soundings to  a 
common MWL datum. Lower estimates o f f i l l  were obtained a f te r  
add it iona l adjustments were made to  compensate fo r  inconsis tancies in 
le a d lin e  and fathometer soundings. I t  was shown th a t i f  adjustments fo r  
compaction were included, the re s u l t in g  estimates o f  f i l l  would be 
c loser to  the upper l i m i t  o f the range. Because on ly  a maximum estimate 
o f  compaction could be derived from the ava ilab le  data, co rrec t ions  fo r  
compaction were not incorporated in to  the ca lcu la t io n s  o f f i l l .
Random e rro rs  inherent in  measurements o f v e r t ic a l  change cannot be 
compensated fo r ,  but can be used to express the variance in  v e r t ic a l  
change measurements and ca lcu la t io n s  o f  vo lum etr ic  change. Variance in 
measurements o f v e r t ic a l  change can be a t t r ib u te d  to  i n i t i a l  sounding 
e rro rs ,  reference o f  soundings to  a v e r t ic a l  datum, mean sea level 
v a r ia t io n s  and horizon ta l p o s it ion ing . The variance re s u l t in g  from
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these e rro rs  ranges from _+ 1.5 fe e t (0.46 meters) in  the lower h a lf  o f 
the estuary below Mallorys Point (72 km), to +_ 3.2 fe e t (0.98 meters) 
above Mallorys Point. Propagation o f variance in ca lcu la t ions  o f 
vo lum etr ic  change re s u lts  in vo lum etric  errors th a t can range from 
approximately 10 to  200 percent. However, in  segments o f the estuary 
where v e r t ic a l  change has exceeded the v e r t ic a l  variance (+_ 1.5 fee t or 
+ 3 . 2  fe e t)  the volumetric e rro rs  probably do not exceed 60 percent.
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PART I I I  ESTUARY FILL ■
i . ,
SEDIMENTATION IN THE RAPPAHANNOCK RIVER ESTUARY
Longitudinal P ro f i le  o f the Thalweg
Maximum thalweg depths were compiled from bathymetric surveys 
conducted in 1856, 1909, 1954, and 1971/73. A to ta l  o f  550 soundings 
were used to  generate the four lo ng itud ina l maximum-depth p ro f i le s  shown 
in Figure 15 (data summary in  Appendix D). The f ig u re  depicts both the 
general long itu d in a l con figu ra tion  o f the thalweg, in add ition to 
id e n t i fy in g  probable s ite s  o f scour, f i l l ,  and re la t iv e  s t a b i l i t y  
throughout the length o f the estuary. Major bathymetric features 
id e n t i f ie d  in  the maximum-depth p ro f i Id s  are described below, depths 
c ite d  re fe r  to 1971/73 soundings.
S i l l  (0-2 km, u p r iv e r) :
Across the estuary entrance between Stingray and Windmill Points, a 
shallow s i l l  extends three nautica l m iles in to  the Chesapeake Bay. 
Minimum s i l l  depths range between 31 fe e t (9.5 meters) and 36 fee t 
(11 meters). Figure 15 shows only the upriver f la n k  o f the s i l l ,  as 
the seaward side o f the s i l l  i s  beyond the l i m i t s  o f  the study 
area.
Deep Trough (2-20 km, u p r iv e r ) :
A deep narrow t ro u g h - l ik e  basin extends 18 k ilom eters upriver from 
the s i l l  to  Towel!s Point. Maximum depths o f approximately 78 fee t 
(23.8 meters) occur 2.6 k ilom eters landward o f the Rappahannock 
River Bridge, at the 15 k ilometer mark.
Figure 15. Maximum thalweg depths vs.
distance u p r iv e r ,  fo r  1856, 1909, 
1954, and 1971-73.
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Shallow Trough (20-35 km, u p r iv e r ) :
The thalweg r ise s  to a minimum depth o f 47 fe e t (14.3 meters) near 
Urbana Creek, 25 k ilom eters upriver. On nautica l chart 12237, th is  
shallow reach extends from 20 to 25 k ilom eters and separates the deep 
trough from i t s  shallower upriver extension. Coincident w ith  th is  
reach is  a change in thalweg course from southesterly  above Urbana 
to e a s te r ly  seaward o f th is  point. Maximum depths o f 60 fee t (18.3 
meters) occur at the 30 k ilom eter mark, beyond th is  po in t the 
shallow trough grades in to  a reach characterized by an increase in 
thalweg grad ien t.
Steep-Continuous Gradient Reach (35-55 km, u p r iv e r ) :
Between Parro tts  Creek and Neals Point (35 to  55 km, upriver) the 
gradient o f  the thalweg reaches a maximum o f approximately 1.2 fee t 
per k ilom eter. At the seaward end o f th is  reach near Parrotts  
Creek, maximum depths of 50 fe e t (15.22 meters) occur, while  at the 
landward l i m i t  o f th is  reach near Neals Point maximum depths are 
l im ite d  to 26 fee t (7.9 meters).
Shoal Reach (55-85 km, u p r iv e r ) :
Upriver beyond Neals Point the gradient decreases and an extensive 
shoal l im i t s  the maximum thalweg depth to  less than 30 fee t (9.1 
meters). Depths between 15 and 25 fe e t  (4.6 to 7.6 meters) pe rs is t  
throughout th is  reach.
Meander Reach (90 km, to beyond the upriver l im i ts  o f the study area):
At Layton, 90 k ilom eters up rive r, the course o f the r iv e r  begins to 
meander. Maximum thalweg depths occur at narrows w ith in  or 
d i r e c t l y  adjacent to  the meander bends, while  shallower portions o f
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the thalweg occur at wider s t ra ig h ts  between meander bends. 
Bathymetric Changes in  the Thalweg
Changes in maximum thalweg depth are ind icated by depth d iffe rences 
at in f le c t io n  po in ts  along the maximum-depth p ro f i le s .  The reso lu t io n  
o f soundings is  dependent upon sounding methodology, bottom sediment 
c h a ra c te r is t ic s ,  and accuracy o f  ho rizon ta l p o s it io n in g  (see Analysis o f 
Errors in  Bathymetric Comparisons). Observations concerning deepening 
and shoaling o f  the thalweg are l im i te d  by the v e r t ic a l  e r ro r  c r i t e r i a  
and on ly  where bathymetric  change has exceeded the re so lu t io n  o f the 
data is  deepening or f i l l i n g  in fe rre d  ih the preceding discussion.
Figure 15 ind ica tes  th a t  the thalweg has undergone considerable 
change during the observational period. Shoaling is  by fa r  the most 
common type o f t ra n sp o s it io n  observed, although deepening and s t a b i l i t y  
are observed at various po in ts  along the thalweg. Continuous shoaling 
throughout the observational period is  ind icated in the fo l lo w in g  areas:
the Deep Trough, 6 to  10 k ilom eters  and 15 to 19 k ilom eters  up r ive r; the
Shallow Trough, 22 to 23 k ilom eters  u p r ive r ;  the Steep-Continuous
Gradient reach, 40 to 44 k ilom eters  up r ive r ;  and throughout both the
Shoal Reach and the Meander Reach, landward of Totuskey Creek (55 km). 
Below Bowlers Rock (51 km) areas o f continuous shoaling correspond to 
wide sections in the estuary and are commonly adjacent to la te ra l  
t r ib u ta r ie s .  The on ly  notable exception is  ind icated by continuous 
deposition between the Corrotoman River and Urbanna (22 to  23 km), which 
is  n e ithe r wider than adjacent p ro tions  o f the estuary nor is  i t  located 
near a la te ra l  t r ib u ta ry .  Nautical chart 12237 ind ica tes  th a t  at th is
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po in t the Deep Trough and Shallow Trough emerge to 47 fe e t (14.3 meters) 
and th a t th e i r  axes are o f fs e t  by 0.8 km. The Deep Trough term inates 
near the middle o f the estuary, wh ile  the seaward ex tre m ity  o f  the 
Shallow Trough begins c loser to the north shore. Throughout the Meander 
Reach, f i l l i n g  w ith in  the wide s t ra ig h t  sections exceeds th a t  w ith in  the 
cons tr ic ted  meander bends.
In the thalweg, stable areas where no s ig n i f ic a n t  bathymetric 
change is  observed occur in the fo l lo w in g  areas: the Deep Trough, 11 to
14 k ilom eters  and 20 k ilom eters  up rive r; the Steep-Continuous Gradient 
Reach, 36 k ilom eters and 55 k ilom eters up rive r; and in  the Shoal Reach 
60, 66, 71, and 76 k ilom eters upriver. For the most pa rt ,  these stable 
areas occur w ith in  cons tr ic ted  portions o f the estuary. The on ly 
notable exception is  the Stable Reach at 55 k ilom eters , which does not 
occur w ith in  a cons tr ic ted  segment o f the estuary.
The 1856 and 1909 maximum-depth p ro f i le s  ind ica te  thalweg deepen­
ing at on ly  three points throughout the estuary. At Cherry Point (10 
km, upriver) 4.5 fe e t (1.4 meters) o f deepening is  ind ica ted , while  
subsequent data shown no apparent change. Near Urbana Creek (25 km, 
upriver) 1.5 fe e t  (0.46 meters) o f deepening is  evident, and at Parrotts  
Creek (35 km, upriver) 6.5 fe e t  (2.0 meters) o f deepening is  observed.
In the la s t  two cases maximum thalweg data fo r  1954 and 1971/73 are not 
ava ilab le .
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Cross-Sectional Area Changes
Changes in cross-sectiona l area (reduction and expansion) from 1909 
to 1971/73 (Figure 16, A and B) provide a three-dimensional view o f 
shoaling and deepening throughout the estuary, in  contrast to the p o in t-  
by-po in t comparisons o f maximum thalweg depth in the previous section
Despite these d iffe rences both data s e t s  ( i n  Figure 1 5  and 1 6 )  
ind ica te  th a t  f i l l i n g  has prevailed throughout the estuary during the 64
year period. In Figure 16 (A and B) the re la t io n s h ip  between cross-
sectional area and distance are shown in  a r ithm a tic  and semi-log p lo ts .
Both f ig u re s  show th a t the estuary cross-section is  reduced throughout
most o f i t s  lower and upper reaches (0 to 45 km and 60 to 105 km,
respe c t ive ly ) ,  while  a portion  o f the middle estuary (45 to 60 km) has
remained r e la t i v e ly  unchanged. At on ly one s i te  (P ro f i le  92, 44 km) is
an increase in the cross-section or expansion indicated.
Cross-sectional area and distance can also provide a greater under­
standing o f the geometry o f the estuary. The curves in Figure 16 reveal 
th a t the estuary becomes progress ive ly  narrower upriver from i t s  mouth, 
and th a t the ra te  o f narrowing varies along i t s  length. A visual 
estimate o f cross-sectiona l area change in  the lower estuary (0 to 35 
km) shows a moderate ra te  of narrowing (0.4 x 105 f t2 /1 0  km). From 
Parro tts  Creek upriver to Bowlers Warf (50 km), narrowing proceeds at a 
more rap id  ra te  (1.0 x 105 f t2 /1 0  km). Further up rive r, narrowing 
continues at a reduced ra te  (0.2 x 105 f t 2 / l o  km) to Paynes Island (85 km) 
beyond which cross-sectiona l area f lu c tu a te s  considerably, in apparent 
response to channel s inuos ity .
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Figure 16A. Ar I t  lunatic p lo t  o f  cross-sectiona l 
area change vs. distance u p r ive r .
16B. Loga rith ic  p lo t  o f  cross-sectiona l 
area change vs. distance u p r ive r .
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In the middle po rt ion  o f the estuary (approximately 35 to  65 km), 
the a r ith m e t ic  p lo t  (Figure 16A) resembles an exponential function  
associated w ith  a funnel shape th a t is  c h a ra c te r is t ic  o f r iver-dominated 
estuaries (Ippen and Harleman 1966). Examination o f the semi-log p lo t  
(Figure 16B) confirms th a t  an expo-nential re la t io n s h ip  e x is ts  between 
c ross-sectiona l area and distance throughout the middle portion  o f the 
estuary (35-70 km). The s ig n if i-ca n ce  o f th is  re la t io n s h ip  can be 
deduced from a composite p lo t  o f  maxi-mum depth, estuary w idth, and 
c ross-sectiona l area (Figure 17). W ithin the middle portion of the 
estuary, both width and depth decrease upriver as a l in e a r  func tion  o f 
distance. Since the magnitude o f both l in e a r  components decreases 
up r ive r, the combined e f fe c t  is  fo r  area to decrease as an exponential 
func tion  of distance.
At both the seaward and landward e x tre m it ie s  o f the estuary, the 
e f fe c t  th a t  w idth and maximum thalweg depth have upon cross-sectional 
area is  not as s tra igh tfo rw ard . In the lower reaches o f the estuary (0 to 
35 km) width varies about a mean value o f approximately 3.5 km; 
exceptions occur at transect #4 (7 km, upriver) where the transect l in e  
crosses the thalweg at an oblique angle and at transect #6 (17 km, 
upriver) where the transect l in e  crosses the thalweg at the confluence 
o f the Corrotomon River. Concurrently, maximum thalweg depth increases 
from the s i l l  (43 fe e t ,  13.1 meters) to a maximum depth in the trough 
(80 fe e t ,  24.4 meters) and decreases again at the landward l i m i t  o f the 
Shallow Trough, 35 k ilom eters upriver. From the composite p lo t 
(Figure 17), i t  can be seen tha t in the lower estuary width and maximum 
depth do not re la te  to cross-sectiona l area in as d ire c t  a manner as was
68.
Figure 17. Composite p lo t  o f  cross-sectional 
area change, maximum channel depth 
and r iv e r  w idth.
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shown fo r  the middle estuary. This is  probably due to  the fa c t  th a t the 
thalweg comprises a much smaller proportion o f the to ta l  cross section 
o f  the estuary w ith in  i t s  seaward end.
In the upper reaches of the estuary (55 to 80 km) width varies from 
1.5 to 3.0 k ilom eters , w ith  the ra te  o f  upriver narrowing decreased from tha t 
ind icated in the middle estuary. Further upriver (80 to 102 km) narrowing 
becomes less evident and width varies between 0.5 and 1.0 k ilom eter. Maximum 
depth is  shallowest between 55 and 85 km and increases w ith  considerable 
va r ia t io n  beyond the 85 k ilom eter mark. The attendant trend shown fo r  
c ross-sectiona l area (Figure 17), th a t o f gradual narrowing upriver from 
50 to  85 k ilom eters  fo llowed by a s tre tch  o f r e la t i v e ly  constant cross- 
section, 85 to 102 k ilom eters , re s u lts  from the v a r ia b i l i t y  o f width 
from 55 to 80 k ilom eters and a v a r ia b i l i t y  o f depth from 80 to  102 
kilometers w ith in  th is  portion of the estuary.
Mass o f  F i l l
The mass o f sediment deposited (or eroded) throughout the estuary 
is  shown on a segment-by-segment basis in Figure 18. Since the width of 
each segment represents length p a ra l le l  to the estuary axis and not 
surface area, d i f fe re n t  amounts o f f i l l  from one segment to another do 
not necessarily  imply d i f fe re n t  ra tes o f sedimentation. To f a c i l i t a t e  
comparison from segment to segment and remove the e f fe c ts  o f unequal 
surface area from the data, a curve representing 'equivalent v e r t ic a l  
change' EVC was added to the f ig u re . Here, 'equivalent v e r t ic a l  change' 
is  defined as:
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Figure 18. Mass o f  f i l l  fo r  the Rappahannock 
River Estuary vs. distance u p r iv e r .
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EVC = Total volumetric change in segment 
Total surface area in segment
By d e f in i t io n  the curve represents the v e r t ic a l  change tha t would re s u lt  
from a measured volume o f  sediment deposited (or eroded) equally  over 
the e n t ire  surface area o f the segment. I f  i t  is  assumed tha t 
sedimentation was continuous throughout the 64 year period (1909 - 
1973), then 'equivalent v e r t ic a l  change' would also represent the 
average sedimentation ra te  at the s ite .
Marked d iffe rences in the amount of f i l l  from one segment to the 
next (Figure 18) re s u l t  e ith e r  from d ifferences in surface area or 
d iffe rences in scour and f i l l .  The extent to which surface area 
accounts fo r  the high amounts o f f i l l  observed can be determined by the 
'equivalent v e r t ic a l  change' curve. For example, in  the lower h a lf  o f 
the estuary segments 97, 95, 93 and 91 have a l l  received considerably 
greater amounts o f f i l l  than adjacent segments. In segment 4, an 
anomalously high EVC value ind icates tha t surface area d ifferences are 
not s u f f ic ie n t  to explain the large amount of f i l l  observed in th is  
segment. Therefore, other geometric variables or sediment inputs must 
play an important ro le  in sedimentation w ith in  th is  segment. By 
con tras t, segment 97 has a lower EVC value than adjacent segments, which 
ind ica tes th a t the high amount of f i l l  is  a t t r ib u ta b le  to the greater 
surface area o f the segment. In th is  case i t  is  not necessary to invoke 
any d iffe rences in hydrologic conditions between segments to account fo r  
the observed d iffe rences in  f i l l .  F in a l ly ,  in the case o f segments 95,
72.
93 and 91 the high amounts o f f i l l  combined w ith  EVC values th a t  are 
s l i g h t l y  higher than adjo in ing segments are p r im a r i ly  the re s u l t  o f 
other hydrologic variables. In segments 95 and 91 the s l ig h t l y  la rger 
surface areas tend to depress the EVC peaks.
The data in  Figure 18 ind ica te  th a t  f i l l i n g  has been dominant 
throughout most o f  the estuary. This f in d in g  is  consistant w ith  maximum 
thalweg depth and cross-sectiona l area comparisons fo r  the same period, 
and suggests th a t despite the assumptions made to  a rr ive  at mass un its  
fo r  f i l l ,  a trend o f net deposition throughout the estuary is  s t i l l  
indicated. Some 237 m i l l io n  m etric  tons o f  f i l l  have accumulated in the 
estuary from 1909 to 1973 (Appendix F). More than 60 percent was 
deposited in the lower reaches o f the estuary (0 to  30 km), while  only 
20 percent was deposited in the upper h a lf  o f the estuary (50 to 95 km).
Although the bulk o f the f i l l  is  deposited in the lower estuary, 
the amount of f i l l  per u n it  area shows a d i f fe re n t  pattern (EVC curve). 
Both the lower (0 to 30 km) and upper (50 to 95 km) e x trem it ies  o f the 
estuary have received an average o f approximately 0.6 meters o f f i l l  per 
u n it  area (0.38 m etr ic  tons per square meter in the lower estuary and 
0.58 m etr ic  tons per square meter in the upper estuary); while  the 
middle portion  o f the estuary (30 to  50 km) has received 0.35 meters of 
f i l l  per u n it  area (0.24 m etr ic  tons per square meter). Because o f the 
lower amounts o f f i l l  measured in the middle estuary, i t  is  not sur­
p r is in g  th a t  the only segments fo r  which net scour or s t a b i l i t y  is  
ind icated occur w ith in  the middle port ion  o f the estuary.
In Figure 19, the data were reorganized in to  three a rb i t ra ry  depth 
groups: A) 0 to  12 fe e t  (0 - 3.7 m e te rs ) ; B) 12 to  24 fe e t  (3.7 - 7.3
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meters); C) 24 fe e t to the bottom. This was done because e a r l ie r  
in ve s t ig a to rs  (Hobbs, in  press and Carron 1979) recognized th a t  sedimentation 
ra tes in the Chesapeake Bay often varied as a func tion  o f water depth.
As an tic ipa ted  from th e i r  f in d in g s ,  the reca lcu la ted 'equivalent 
v e r t ic a l  change' curves resu lted  in values tha t are c loser to the actual 
v e r t ic a l  change measurements made in the bathymetric comparisons (Table 5).
Table 5. Summary o f 'Equiva lent V e r t ica l Change' Values,
From 1909 to  1971/73 (data source Appendix F).
Depth Group 
A 
B 
C
0 -  45 km.
0.12 meters 
0.30 "
1.63 "
A l l  depth groups 
combined 0.62
45 - 60 km. 
0.26 meters 
0.55 "
1.18 "
0.35 "
60 - 95 km. 
0.36 meters 
0.87
1.83 "
0.60 "
Average 
0.20 meters 
0.38 "
1.63 "
0.58 "
In Figure 19 the histograms show th a t most o f  the f i l l  is  deposited 
in the deeper parts  o f the estuary. Table 6 summarizes the data fo r  
each o f  the three depth groups; i t  shows th a t  o f the to ta l  amount of 
f i l l  deposited in the estuary, Depth Group A contains 13.7 percent;
Depth Group B contains 20.2 percent; and Depth Group C contains 66.1 
percent. The data ind ica te  fu r th e r  th a t the proportions of f i l l  
contained in the three depth groups are not constant but vary throughout 
the estuary. In the lower portion  o f the estuary, 79 percent o f the 
f i l l  is  contained in  the deepest depth group (Group C); whereas 61 per 
cent o f  the f i l l  in the middle estuary and 51 percent o f the f i l l  in
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Figure 19. Mass o f  f t  11 fo r  the Rappahannock River 
Estuary fo r  depth groups: A (0-12 f t . ) ,
B (.12-24 f t . )  and C ( 24 f t .  to  bottom).
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the upper estuary occurs in the deepest depth group ( i ’e., Depth Group C 
or B fo r  segments where maximum depth is  less th a t 24 fee t). The 
tendency fo r  deep areas to  trap  sediment is  observed even in segments 
where net change ind icates n e g lig ib le  amounts o f f i l l  or scour (eg. 
segments 92 and CC). While there are a few segments tha t e x h ib it  scour 
or n e g l ig ib le  amounts o f f i l l  at shallow or in termediate depths, nowhere 
is  scour ind icated fo r  the deepest depth group o f any segment.
The patte rn  o f f i l l  in  the shallow areas contrasts markedly w ith  
those already discussed fo r  deeper areas. Table 6 ind icates tha t the 
amount o f f i l l  in Depth Group A is  greater in the upper reaches (45 to 
95 km.) than the  low er reaches (0 tb  45 km.). In the upper e s tu a ry  41.6 
percent o f the to ta l  f i l l  is  deposited in Depth Group A, while  5.9 per 
cent o f  the to ta l  f i l l  in the lower estuary and 35.3 percent o f the 
f i l l  in  the middle estuary are deposited in Depth Group A. The EVC 
values in Table 5 show th a t deposition rates are greater in  the shoals 
o f the upper estuary and decrease in the middle and lower estuary.
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Table 6. Summary o f  F i l l  From 1909 to  1971/73 (data source 
Appendix F). Units: metric tons x 106.
Depth Group 0 - 4 5  km. 45 - 60 km. 60 - 95 km. Total
A 10.75 ( 5 . 9 % )  8.42 (35.3%) 13.41 (41.6%) 32.58 (13.7%)
B 27.16 (15.0%) 7.28 (30.5%) 13.56 (42.1%) 48.14 (20.2%)
*0.78 ( 3.3%) *  2.54 ( 7.9%) *30.48 (12.8%)
C 143.24 (79.0%) 8.15 (34.2%) 5.23 (16.2%) 156.62 (66.1%)
*14.65 (61.4%) *16.25 (50.5%) *174.14 (73.4%)
A l l  depth groups
combined 181.15 23.85 32.20 237.20 (100%)
*  W ithin segments where maximum depth is  less than 24 fee t (3.7
meters) the amount of f i l l  in Group B has been added to the Group C 
values.
PART IV SEDIMENT SOURCES
SHORELINE EROSION SEDIMENT COMPONENT
Data Source
Data obtained from a shore line erosion inventory o f the V irg in ia  
Chesapeake Bay (Byrne and Anderson 1977) was used to  evaluate the 
f ra c t io n  o f sediment derived from shoreline erosion. The inventory is  
based upon a comparison o f shore line pos it ions on topographic map series 
from as e a r ly  as the 1850's to  the 1940's. The inves tiga to rs  measured 
shore line change w ith in  segments ranging from 0.5 to 5 k ilom eters in 
length. A to ta l  o f 219 segments cover the shore line, is lands and 
la te ra l  t r ib u ta r ie s  o f the Rappahannock River estuary. Byrne and 
Anderson (1977) averaged the changes w ith in  each of the segments, 
normalized the averages to  a uniform 100 year period, and reported the 
volume o f m ateria l gained or lo s t  along the shore in cubic yards. 
Although the inventory provides a comprehensive account o f erosion along 
the p r in c ip a l (non -tr ibu ta ry )  shoreline o f the estuary, i t  should be 
noted th a t the co n tr ib u t io n  o f sediment derived from t r ib u ta r y  shores 
may be underestimated. Data fo r  many o f the t r ib u a t r ie s  (eg. Cats Point 
Creek, Hoskins Creek, Piscataway Creek, and Totuskey Creek) are not 
ava ilab le  and coverage o f t r ib u ta r ie s  included in the inventory is  
term inated upstream at the po in t where widths converge to 150 fee t or 
less.
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Data Conve rs ions
Before the shoreline erosion data could be incorporated in to  the 
sediment budget, three conversions were necessary: 1) the time frame of
the data were adjusted to r e f le c t  shore line change over a 64 year period 
to  correspond w ith  observations o f bathymetric change; 2) the 219 
segments in  the shoreline erosion inventory were regrouped in to  44 
segments th a t  correspond to the cross-sectiona l p r o f i le  segments used 
fo r  the bathymetric comparisons; and 3) vo lum etr ic  un its  (cubic yards) 
or shoreline change were transformed to mass un its  (m etr ic  tons). 
Changing the tim e frame from 100 years to  64 years was accomplished by 
m u lt ip ly in g  the volume o f m ateria l (eroded or accreted) by a fa c to r  o f  
0.64. This adjustment did not requ ire  any add it iona l assumptions, since 
the data had o r ig in a l ly  been normalized to  100 years. Regrouping the 
data from 219 segments to  44 segments also required no addit iona l 
assumptions, because a change from a greater number o f  segments to a 
lower number decreases the reso lu t ion  of the data, and in a ffe c t 
generalizes the data. The conversion from vo lum etric  to mass un its ,  
however, required th a t assumptions s im i la r  to those made fo r  the volume 
to  mass conversions in the bathymetric data be made and accepted. 
Accordingly i t  was assumed th a t:  1) the mass o f so l id  mineral grains is
approximately 2.7 grams per cubic centim eter; 2) the mass o f organic 
m ateria l other than shell fragments is  n e g l ig ib le ;  and 3) the po ro s ity  
o f the m ateria l is  n e g lig ib le .  The f i r s t  assumption is  both j u s t i f i a b le  
and convenient since the most common minerals in sediment o f the 
fa s t i  and and marshes (quartz, fe ldspars, c a lc i te  and micas) have
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d e n s it ie s  between 2.6 and 2.8 grams per cubic centim eter (Weast 1971). 
The second assumption is  necessary because the proportions o f  organic 
m a te r ia l in  the fas t lands  and marshes is  indeterm inable from the 
e x is t in g  data. The p roportion  o f  she ll m ateria l does not a f fe c t  the 
v a l i d i t y  o f t h is  assumption since c a lc i te  and aragonite have d e n s it ies  
ranging from 2.7 to  2.9, re s p e c t ive ly  (Weast 1971). F in a l ly ,  the data 
fo r  sedimentary m a te r ia l outcropping along the length o f the estuary are 
not adequate to  develop any meaningful fa c to rs  to  account fo r  poros ity . 
However, some in d ic a t io n  o f the range o f p o ro s it ie s  th a t  might be 
encountered is  provided by the average p o ro s it ie s  o f  sandstone, 15 to  20 
percent, and f re s h ly  deposited c lays, up to  85 percent (P e tt i john  1957).
Observations
Measurements o f shore line  change reported in  the inventory  in d ica te  
th a t  erosion has p reva iled  along much o f  the lower 95 k ilom eters  o f the 
r iv e r  during the past century. When normalized to  show the to ta l  
sediment y ie ld  fo r  a 64 year period, the data ind ica te  tha t 
approximately 68.5 m i l l io n  m e tr ic  tons o f sediment were eroded from the 
shore line. At le a s t another 6 m i l l io n  m etr ic  tons were scoured from 
la te ra l  t r ib u ta r ie s  (Appendix G).
Erosion along the margins o f the lower estuary (0 to  50 km) during 
the 64 year period produced some 51.4 m i l l io n  m e tr ic  tons o f sediment.
In co n tras t,  shore line  erosion throughout the upper h a l f  o f the estuary 
(50 to  95 km) accounts fo r  on ly  17.1 m i l l io n  m etr ic  tons, or less than 
25 percent o f  the y ie ld  from erosion along the e n t ire  shore line o f the 
estuary. In add it ion  to  th is  lo n g itu d in a l in e q u a li ty ,  marked
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diffe rences e x is t  in the amount o f m ateria l derived from shoreline 
erosion on opposite shores (Figure 20). Along the south shore the data 
ind ica te  tha t erosion is  dominant, w ith  48.9 m i l l io n  m etr ic  tons of 
sediment eroded from i t s  shore, while  on ly 19.6 m i l l io n  m etr ic  tons were 
scoured from the north shore.
A closer examination o f the data in Figure 20 shows tha t erosion has 
released an abundant supply o f bank materia l along the fo l lo w in g  
sections: 0 to 5 k ilom eters , 15 to  30 k ilom eters , and 40 to 50
kilom eters. And th a t erosion in  the upper estuary although genera lly  
low reaches moderate leve ls  along a reach extending from 60 to 80 
kilom eters. This is  be tte r  i l lu s t r a te d  in Figure 21, where the to ta l  
amount o f shoreline sediment gained or lo s t  is  reported in uniform 5 
k ilom eter increments. In the lowermost 5 kilom eters o f the estuary, 
more than 7.5 m i l l io n  m etric  tons of sediment were eroded from both 
shores combined. Within th is  reach erosion was confined to a small 
s tre tch  (less than 2 km) along the north shore near Windmill Point, 
w h ile  erosion was continuous throughout the south shore. Further 
up rive r, between McKans Bay and Bowlers' Rock (40 to  50 km), 
approximately 18 m i l l io n  m etric  tons o f sediment were eroded. Most of 
th is  erosion occurred along the south shore, where an average o f 8 
m i l l io n  m etric  tons o f m ateria l were removed fo r  a 5 k ilom eter segment 
o f the estuary. Adjacent to  these areas o f high erosion sediment y ie ld s  
fo r  both shores are comparatively low, w ith  averages ranging from 1.5 
m i l l io n  m etric  tons to 3 m i l l io n  m etric  tons fo r  segments at 5 to 10 
k ilom eters and 30 to 40 k ilom eters , respective ly . Along the north shore 
p r o f i le  segments in the v i c in i t y  o f  Mosquito Island (2 to 8 km) and
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Figure 20. Shoreline erosion vs. distance 
up r ive r*  1909-1973.
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Carters Creek (12 to  16 km) show low le ve ls  o f accre tion , in terspersed 
w ith  areas o f low erosion and stab le  reaches. From these reaches, 
erosion s te a d i ly  increases to  an average o f  5.5 m i l l io n  m e tr ic  tons per 
5 k i lo m e te r  segment near Towles Point (20 to  25 km). In the upper h a l f  
o f  the estuary the h ighest erosion y ie ld s  are encountered along the 
south shore from 60 to  80 k ilom e te rs , where some 2.5 to  3.2 m i l l io n  
m e tr ic  tons were scoured from the bank. Throughout the remainder o f  the 
upper estuary shore line  erosion averages 0.7 to  1.2 m i l l io n  m etr ic  tons 
per 5 k i lo m e te r  segment. However, i t  is  probable th a t  erosion along the 
north shore opposite Paynes Is land (80 to  85 km), has been underestimated 
on account o f  a data gap in the shore line inventory. W ith in  th is  reach 
a f i e ld  inspection o f the north shore revealed high c l i f f s  (>20 fe e t)  
th a t  were undermined at th e i r  base by scour and which exh ib ited  fresh 
s l ip  faces from recent slumping. These observations suggest th a t a 
s ig n i f ic a n t  amount o f bank m ate r ia l has been lo s t  along th is  segment o f 
the shore, as a d i r e c t  re s u l t  o f erosion and mass wasting. I t  is  l i k e l y  
th a t  erosion along th is  reach has pers is ted  fo r  a long tim e since shoals 
adjacent to the b lu f f s  are very broad, shallow and composed o f coarse 
sand to  s i l t y  sand.
The lo n g itu d in a l and la te ra l  v a r ia t io n s  discussed above po in t 
toward three fa c to rs  th a t  in f luence  or con tro l the amount o f m ateria l 
released by shore line  erosion throughout the estuary, these are: 1)
bank e le va t io n , 2) fe tch , and 3) marsh development. The f i r s t  fa c to r ,  
bank e leva tion  or r e l i e f ,  is  probably the most e a s i ly  recognizable since 
e leva tion  contours on topo-graphic maps (1:24,000 scale) and nau tica l
charts (1:40,000 scale) show th a t the southern shore is  higher and 
steeper than the north shore. Indeed th is  fea ture  is  ty p ic a l o f most o f 
the r iv e r -e s tu a r ie s  along the western shore o f Chesapeake Bay, and as 
noted by Stucky (1965) is  also typ ica l o f many r iv e rs  crossing the 
coastal p la in  in  North Carolina, inc lud ing the Tar, Neuse, Roanoke, and 
Cape Fear r iv e rs .  The second fa c to r ,  fe tch , is  e sp e c ia l ly  important 
along shore segments exposed to long expanses o f open water to the north 
and east. Erosion peaks observed on the south shore opposite the 
Corrotoman River (15 to  27 km) and also near Jones' Point (45 km) 
provide evidence th a t  bank e levation and fe tch  are s ig n i f ic a n t  fac to rs  
th a t e f fe c t  the amount o f m ateria l produced by shore line erosion, as 
both areas have a high bank and are exposed to long stretches o f open 
water to  the north and east. Along some shoreline segments w ith  low 
bank e levations wind acting over a long fe tch  can s t i l l  release large 
q u a n t it ie s  o f sediment, as indicated by erosion peaks at the mouth of 
the estuary (0 to  2 km). F in a l ly ,  the e f fe c t  tha t marsh development has 
upon shore line erosion is  observed in a cummulative p lo t  o f erosion and 
marsh acreage along the estuary (Figure 22). An abrupt decrease in 
erosion at the 50 k ilom eter mark (Figure 20 and 21) corresponds to  an 
increase in marsh acreage along the p r in c ip le  (non - tr ibu ta ry )  shoreline 
o f the estuary, suggesting th a t marsh development may p ro tect the shore 
from erosion.
Fate o f Sediment Released by Shore!ine Erosion
To determine the fa te  o f sediment released by erosion the te x tu ra l 
ch a ra c te r is t ic s  o f shore and shoal sediment were examined at selected
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Figure 22. Shoreline erosion and marsh 
acreage vs. d istance u p r ive r .
86.
CUMULATIVE MARSH ACREAGE ALONG MAIN SHORELINE 
UNITS: ACRES x 103
®  W 0 0 ^ ( 0  m » - 0
 I l~  J X  I I __
«
o
o
cn
o
cc
LU
LxJ
LUC£O
X
10
X
o
o
o
o
o
o
LU
O
<
LU
CC
o
<
X
CO
CC
<
X
t — ^  i » 1 '»■■■■"  ■> >' t "  »  «■"■ ■ —' r i i i " - t  j  1 f
o in o </> o to O iO o m o i o o  lt>
rs  v£> in  it i  > f sf r»i fn  <n (n  » - « -
901 X SNOl DIM13W .SlINn 
NOISOU3 3NI13UOHS WOHd Q3AIU3Q SSVIN 3AHVinwn0
_ o
CM
om
.  0«»»
OvT>
_ o
KO
O
o
CO
oO)
D
IS
TA
N
C
E
 
FR
OM
 
M
O
U
TH
 
(K
IL
O
M
E
T
E
R
S
)
s ite s ,  and the mass o f  m ateria l eroded from the shore was compared to 
the mass gained along adjacent shoals. I f  sedimentation on the shoals 
o f the Rappahannock River is  dominated by m ateria l eroded from nearby 
shores, as reported by Carron (1979) fo r  the Chesapeake Bay, then 
te x tu ra l data should r e f le c t  t h is  re la t io n sh ip . Once th is  is  determied, 
the comparison o f the bulk o f sediment lo s t  along the shore w ith  the 
amount gained along the shoals can define the extent o f the re la t io n s h ip  
beyond the sample s ites . In th is  way, reaches w ith  an excess or d e f i c i t  
in  the sediment budget o f  the shore-shoal subsystem can be id e n t i f ie d .
Accordingly, three s ite s  were selected fo r  sampling and te x tu ra l 
analysis in  the lower estuary. Two s ite s  were selected along the north 
shore, one near Towles Point (21 km) and the other near Paynes Creek (29 
km). A th i r d  s i te  was chosen on the south shore near Burhans Warf (21 
km). The s ite s  were selected on account o f th e i r  high erosion ra tes, 
which were expected to produce an adequate supply o f  sediment to trace 
along the shoals. High erosion rates would also minimize d i lu t io n  o f 
shore sediment by m ateria l from other sources. Other fac to rs  such as 
o r ie n ta t io n  o f the shore, e f fe c t iv e  fe tch  and bank height are d i f fe re n t  
at each s i te  to  insure th a t the data co llec ted  represents the most 
general shore-shoal re la t io n s h ip  possib le .
Textural c h a ra c te r is t ic s  o f the shore samples ranged from sand s i l t  
c lay  ( in  equal proportions) to  sand. More than 50 percent o f these 
samples contained at leas t 80 percent sand, w ith  the remaining samples 
tapering o f f  to 30 percent sand. In comparison the te x tu ra l 
composition o f  shoal samples f e l l  in to  three groups: i )  greater than 90
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percent sand, i i )  72 to  77 percent sand, and i i i )  4 to  11 percent 
sand (Figure 23). A l l  shoals sampled in the f i r s t  group (>90 percent 
sand) were recovered nearest to the shore in water no deeper than 3 fe e t 
(1 meter), wh ile  samples in the other two groups (72 to  77 percent and 
4 to  11 percent) were recovered fa r th e s t  from shore in water 20 to  24 
fe e t  (6 to  7.5 meters) deep. A complete descrip t ion  o f each s i te  w ith  a 
com pila tion o f te x tu ra l ,  depth, e levation and distance data is  contained 
in Appendix G.
A gradational increase in f in e s  w ith  increased distance from shore 
and depth suggests th a t shoreline erosion is  the source o f f i l l  on the 
sampled shoals. I t  appears th a t reworking o f the coarse m ixture o f 
sand, s i l t  and c lay  from the shore has caused the f ines  to be winnowed 
out, producing a coarse lag' deposit o f sand nearest to the shore. Fines 
scoured from shallow portions o f the shoal begin to s e t t le  out on the 
d is ta l  side o f the shoal in water at least 20 fe e t (6 meters) deep.
Since sampling was terminated o f f  shore when a large portion  o f  f ines  
were recovered, the few s i l t y  c lay  samples in the data represent the 
beginning o f a mud bottom and the d is ta l  end o f the shoals.
The re s u l ts  suggest tha t shore line erosion is  the dominant source 
o f f i l l  on the three sampled shoals. Comparison o f the amount o f 
sediment produced by shoreline erosion w ith  the amount o f f i l l  on the 
shoals v a r i f ie s  th is  conclusion. At the s ite s  near Towles Point and 
Burhans Warf, sediment derived from shoreline erosion is  approximately 
equal to  the mass o f f i l l  in Depth Groups A and B, combined. At the 
s i te  near Paynes Creek, sediment derived from shoreline erosion g re a t ly  
exceeds th a t deposited in both Depth Groups A and B (Appendix H).
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Figure 23. S h ie ld 's  diagrams o f  sediment 
tex tu re  on f l a t s  and shoals o f  
the lower estuary , 0-45 k ilom eters .
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To examine th is  re la t io n s h ip  fu r th e r ,  a summary o f shore line 
erosion and shoal deposition has been compiled fo r  the p r in c ip a l reaches 
o f  the estuary (Table 7). The general tendency throughout the estuary 
is  fo r  the amount o f  sediment produced by shoreline erosion to  exceed 
the mass o f f i l l  on shoals to  depths o f at leas t 12 fe e t  (3.6 meters, 
Depth Group A). Along the northern margin o f the S i l l  and Trough Reach 
and the southern margin o f the Continuous Gradient Reach, shoreline 
erosion equals or exceeds deposition on shoals and f l a t s  to  depths o f 24 
fe e t  (7.2 meters, Depth Groups A and B). Although uncommon fo r  most o f 
the estuary, a d e f i c i t  o f m ateria l transfered from the shores to 
adjacent shoals e x is ts  throughout much bf the southern margin o f the 
Shoal Reach.
Closer examination o f the data in the S i l l  and Trough Reach reveals 
th a t erosion near Windmill Point and Paynes Creek accounts fo r  most o f 
the excess m ateria l produced along the north shore. Approximately 3 
m i l l io n  m etr ic  tons o f  excess sediment are produced near Windmill Point 
(0 to  2 km) and transported west where i t  is  deposited along shoals 
adjacent to Big Hole Point and Mosquito Island (3 to 5 km). Along the 
south shore from Stingray Point to Grinels (0 to 6 km) approximately 6.5 
m i l l io n  m etr ic  tons o f excess sediment are produced and transported 
westward, apparently c o n tr ib u t in g  to the f i l l  on shoals surrounding 
P a rro tt  Island (8 to  10 km). Net westward longshore d r i f t  in  the lower 
estuary is  ind icated by shore line features (eg. s p i t  fo rm ation , and 
patterns o f scour and shoaling adjacent to  protrud ing shoreline 
features) observed in ae ria l photographs and nautica l charts. At the
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TABLE 7. Comparative summary o f  shore line erosion and shoal deposition 
fo r  the Rappahannock River estuary. U n its :m etr ic  tons x 106.
SOUTH SIDE NORTH SIDE
S i l l  & Trough Reach:
— TO to  35.2 km )
Shoreline Erosion: 18.10 11.00
Shoal Deposition:
Depth Group A 4.63 4.51
Depth Group B 24.31 0.24
Groups A & B combined 28.94 4.75
Continuous Gradient Reach:
(3 b .2 to  54.6 km)
Shoreline Erosion: 19.93 3.88
Shoal Deposition:
Depth Group A 4.27 4.08
Depth Group B 2.57 4.70
Groups A & B combined 6.84 8.78
Shoal Reach:
(54. 6" to~"85.6 km)
Shoreline Erosion: 9.07 4.56
Shoal Deposition:
Depth Group A 13.14 1.30
Depth Group B 7.44 5.58
Groups A & B combined 20.58 6.88
Meander Reach:
CS576 to 95 km)
Shoreline Erosion: 1.79 0.18
Shoal Deposition:
Depth Group A 0.002 0.68
Depth Group B 1.085 2.22
Groups A & B combined 1.087 2.90
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BOTH SIDES 
COMBINED
29.10
9.14
24.55
33.69
23.81
8.35
7.27
15.61
13.63
14.43
13.03
27.46
1.97
0.68
3.30
3.98
landward l i m i t  o f  the S i l l  and Trough Reach near Paynes Creek (27 to  30 
km) some 3.4 m i l l io n  m etr ic  tons o f excess sediment are produced, and 
probably by-pass the adjacent shoals and con tr ibu te  to f i l l  in the 
channel observed at p ro f i le s  RR 95, 96 and 97. W ithin the Continuous 
Gradient Reach, excess m ateria l produced along the southern margin 
re s u l ts  from erosion o f banks 10 to  20 fee t in height between McKans Bay 
and Wildwood Beach. In the center o f th is  s tre tch  o f shore, the marsh 
shore line along Jones Point is  r e la t i v e ly  stable to s l ig h t l y  
accretionary. F i l l i n g  is  observed on the shoals up river o f Jones Point 
(46 to 54 km), w h ile  downriver scour and s t a b i l i t y  are observed (38 to 
44 km). Along the southern margin o f the Shoal Reach the d e f i c i t  o f 
sediment produced in the shore-shoal sub-system is  probably due to 
increased deposition o f f in e s  from suspension onto r e la t i v e ly  protected 
shoals. Overestimation o f f i l l  on these so ft  mud shoals as a re s u l t  o f 
le a d line  and fathometer soundings may also account fo r  the observed f i l l  
(see Analysis o f Errors in Bathymetric Comparisons). Along the opposite 
shore, bank erosion and shoal f i l l  are more evenly balanced. A f irm e r  
bottom along these shoals as indicated by nautica l chart 12237 and 
Nelson (unpublished data), may have resulted in  a t ru e r  bathymetric 
comparison than was possible along the southern margin. F in a l ly ,  the 
d e f i c i t  ind icated fo r  the northern margin o f  the Meander Reach is  
probably not due to  an inbalance in the shore-shoal subsystem, but 
ra the r to the gap in the shore line erosion data already mentioned.
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SUSPENDED SEDIMENT COMPONENT
Sources
Suspended sediment discharge in to  the Rappahannock River estuary 
can o r ig in a te  from the fo l lo w in g  sources: 1) r ive r-bo rne  load from the
drainage basin upland o f  the Fa ll Line at Fredricksburg; 2) r ive r-bo rne  
load from t r ib u ta r ie s  d ra in ing  the Coastal P la in; 3) landward transport 
through the estuary niouth; and 4) erosion of shoreline m ate r ia l.  This 
section addresses aspects o f the f i r s t  three sources, wh ile  the f ra c t io n  
o f  suspended sediment derived from shoreline erosion is  not 
d i f fe re n t ia te d  from the shoreline erosion component.
An in d ica t io n  o f how the loads from these major external sources 
compare w ith  seston produced w ith in  the estuary is  provided by 
comparison w ith  the northern Chesapeake Bay. Biggs (1970) reports  tha t 
on ly  4 percent o f the to ta l  mass o f seston in the upper Bay is  produced 
in te rn a l ly  from primary production and the production o f ske le ta l 
m a te r ia l.  External sources account fo r  the remainder o f the suspended 
m ateria l w ith  83 percent derived from the Susquehanna River and 13 
percent from shore line erosion. In the middle Bay (45 to  60 km) the 
in te rn a l and external sources o f suspended sediment are more evenly 
balanced, w ith  52 percent o f the to ta l  mass contributed from shoreline 
erosion, 40 percent from in te rn a l production (22 percent from primary 
production and 18 percent from ske le ta l m a te r ia l)  and only 8 percent 
from c ir c u la t io n  in the Bay. I t  seems probable tha t the r iv e r  dominated 
system described fo r  the upper Bay more c lo se ly  resembles the re la t iv e  
co n tr ibu t ions  o f external and in te rn a l suspended sediment sources 
expected in the Rappahannock estuary. However, even i f  the proportion
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o f prim ary b iogenic m a te r ia l is  low r e la t iv e  to  external sources, 
b io lo g ic a l  processes can s t i l l  have a considerable e f fe c t  on the 
dynamics o f  suspended sediment in  the estuary. Nichols e t al (1981) 
found th a t  a la rge f ra c t io n  o f  the suspended sediment in  the 
Rappahannock estuary were coated w ith  organic m atte r, and th a t  the 
g rea test volume o f  p a r t ic le s  were found in  aggregates. This suggests 
the p o s s ib i l i t y  th a t  although the r e la t iv e  mass o f organic to  inorganic 
m atte r is  low, organic m ate r ia l may accelerate s e t t l in g  o f  the inorganic 
component through aggregation o f the in d iv id u a l p a r t ic le s .
Suspended Sediment Flux from Chesapeake Bay
In tro d u c t io n :
Long-term estuarine  c i r c u la t io n  o f the type described by P ritchard  
(1955 and 1977) fo r  p a r t i a l l y  mixed to  moderately s t r a t i f i e d  es tuaries , 
is  responsib le  fo r  a net landward f lu x  o f suspended sediment through the 
mouth o f  the Rappahannock River. Concurrent measurements o f  net non- 
t id a l  v e lo c i t ie s  and suspended sediment concentrations in d ica te  th a t  
more m a te r ia l is  transported in  landward f lo w in g  sa line  water near the 
bottom than is  ca rr ie d  in seaward f lo w in g  fresh water near the surface 
(N ichols and Poor 1967). The occurrence o f  marine fo ra m in ife ra  te s ts ,  
Elphidium sp., found 8 k ilom eters  landward o f the l i m i t  o f  these species 
in  the Rappahannock River (N ichols and E l l is o n  1967); and the occurrence 
o f  an i l l i t e - c h lo r i t e - m o n tm o r i l l o n i t e  c lay  c h a ra c te r is t ic s  o f the Bay,
80 k ilom e te rs  up r ive r  from the mouth o f the James River estuary 
(F e u i l le t  and F le ischer 1980), provide evidence th a t a s ig n i f ic a n t
f ra c t io n  o f the suspended sediment load in the near bottom f low  is  
derived from the Bay.
Schubel and Carter (1977) used a simple single-segment model to 
estimate the exchange o f inorganic suspended sediment through the Bay 
and i t s  t r ib u ta r ie s .  The model was based upon average annual r iv e r  
discharge and suspended sediment concentrations. Under these condi­
t io n s  i t  was found th a t the Bay is  a sink fo r  suspended sediment from 
the Susquehanna River, and a source o f  suspended sediment to each o f the 
major estuaries. The authors report an annual suspended sediment f lu x  
o f  .05 x 106 m etric tons fo r  the Rappahannock River.
O ff ice r  and Nichols (1980) used a two dimensional box model to 
determine suspended sediment fluxes and re la ted  net deposition or ero­
sion in  the Rappahannock River during a period o f moderate to high r iv e r  
in f low . Suspended sediment data incorporated in the model represent 
to ta l  suspended m a te r ia l,  inc lud ing lesser amounts o f organic matter. 
Average r iv e r  f lo w  during the observational period, approximately 
6,000 c fs , was ty p ic a l o f spring discharge ra tes, but greater than the 
73 year average f lo w  rate. Under these conditions the box model 
indicated an annual in f lu x  o f suspended sediment from the Bay of .427 x 
106 m etric  tons, a ten fo ld  increase over the in f lu x  predicted by the 
single-segment Bay model.
Results:
The re s u lts  reported by O ff ice r  and Nichols (1980) were u t i l iz e d  to 
estimate the to ta l  suspended sediment f lu x  from the Bay in to  the 
estuary, from 1909 to 1973. Accordingly, from an annual in f lu x  o f 0.427 x
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106 m etric  tons, we obtain the in f lu x  fo r  64 years:
0.427 x 106 m etric  tons x 64 years = 27.378 x 106 m etric  tons 
Discussion:
Although the box model represents higher than average f lo w  
cond it ions , the estimated suspended sediment in f lu x  may be more 
representa tive  o f near normal conditions. O ff ice r  and Nichols (1980) 
po in t out th a t  t id a l  averaged suspended sediment concentrations are 
underestimated by as much as 50 percent in  the lower estuary because the 
e f fe c ts  o f la rge r resuspension concentrations fre q u e n t ly  observed at 
f lood  t id e  have not been accounted fo r ,  and tha t boundary transpo rt 
e f fe c ts  at the sediment-water in te r fa ce  have not been included. 
Therefore, p o te n tia l overestimates o f suspended sediment in f lu x  
re s u l t in g  from increased s t r a t i f i c a t io n  during periods o f high r iv e r  
f lo w , are s u b s ta n t ia l ly  reduced by underestimates re s u l t in g  from the 
two processes not incorporated in  the model, w ith  the re s u l t  th a t  
suspended sediment transport and deposition are more representative  o f 
long-term conditions. In Table 8, s im i la r  long itud ina l trends in 
deposition obtained by the box model and bathymetric changes suggest 
th a t  spa tia l patterns o f deposition predicted by the model are 
cons is tan t w ith  long-term depositiona l patterns in the estuary.
96.
Table 8. Longitudinal Trends o f  Deposition Rates in the Rappahannock 
Estuary as Determined by a Box Model (O ff ice r  and Nichols 
1980) and Bathymetric Comparisons.
45 - 60 km.
60 - 90 km.
0 - 4 5  km.
Box Model 
31 gm/m2/day 
18 
24
Bathymetric Changes 
28 gm/m2/day 
20
31 M
Rappahannock River Drainage Basin 
In troduc t ion :
In the past two fundementally d i f fe re n t  approaches have been used 
to  estimate sediment loss from upland sources. One method estimates 
s o il  loss using a combination o f fac to rs  d e sc r ip t ive  o f the parcel o f 
land from which the sediment is  eroded. The other method p red ic ts  so il  
loss from water discharge data and suspended sediment concentrations in 
streams and r iv e rs .  Pierce and Dulong (1977) note th a t the re la t io n sh ip  
between these two approaches is  not c lea r, and th a t the actual storage 
and in - t r a n s i t  t im e fo r  eroded m ateria l has not been determined. The 
same authors suggest th a t storage is  r e la t i v e ly  in s ig n i f ic a n t  on small 
streams on the inner Coastal Plain and Piedmont over several years. 
Roberts and Pierce (1974) note th a t during average ru n o ff  suspended 
sediment derived from the Piedmont is  deposited in  the lower gradient 
streams o f the Coastal P lain. During high ru n o ff  conditions sediment 
stored in the low gradient streams is  flushed through to  the estuaries.
The f i r s t  method is  used extens ive ly  by the U.S. Soil Conservation 
Service to  estim ate the qua n t ity  o f s o i l  erosion caused by sheet and
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r i l l  f low . I t  uses the universal so i l  loss equation:
A = R.K.LS.P.C
to  re la te  v a r ia t io n s  in r a in fa l l  (R), so i l  e r o d ib i l i t y  (K), topography 
(LS), conservation p ractices (P) and resource management or land use (C) 
to  s o i l  loss (A). The topographic fa c to r  (LS) is  re la ted  to slope length 
and steepness (Soil Conservation Society o f  America 1977). Because o f 
the d e ta i l  required o f s o i l ,  r e l i e f  and land use data, th is  method is  
prefered fo r  es tim ating  s o i l  loss from r e la t i v e ly  small areas. For 
la rge r areas data is  genera lly  inadequate to  u t i l i z e  the universal so il 
loss equation.
The second method has been used in several basin-wide studies in 
the Middle A t la n t ic  Coastal P lain and Piedmont, and focuses upon the 
re la t io n s h ip  between surface water discharge, r ive r-bo rne  suspended 
sediment loads and land cover. Guy (1964) l i s t s  r a in f a l l - r u n o f f , 
temperature, wind, s o i l  character, topography and s o i l  cover as fac to rs  
e f fe c t in g  sediment discharge. He states th a t i t  is  o ften d i f f i c u l t  to 
evaluate the e f fe c t  o f each one on a regional basis.
Wolman (1967) reports  tha t sediment y ie ld s  are p r im a r i ly  con tro lled  
by s o i l  cover fo r  drainage systems w ith  s im i la r  c l im a te , topography and 
s o i l  character. Wolman found th a t in ru ra l areas between Washington D.C. 
and Baltimore sediment y ie ld s  from forested areas are usua lly  very low 
(<100 tons/sq.m i/year), and increase fo r  a g r ic u l tu ra l  lands (300 to 800 
tons/sq.m i./year), and abruptly  increase fo r  areas undergoing urbaniza­
t io n  (>100,000 tons/sq.m i./year). Average sediment y ie ld s  fo r  ru ra l 
areas ranged from 200 to 500 tons per square m ile  per year. Roberts and
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Pierce (1974, 1976) repo rt an average sediment y ie ld  o f  400 tons per 
square m ile  per year fo r  the Patuxent River, Maryland* p r io r  to urbani­
zation when the p r in c ip a l land use was d a iry  and cereal farming. 
However, average sediment y ie ld s  reported fo r  drainage areas s itua ted 
fa r th e r  east on the (Maryland) Coastal P lain are s ig n i f ic a n t ly  lower. 
For example, C orre ll e t al (1975) reported the fo l lo w in g  average annual 
sediment y ie ld s  fo r  t r ib u ta r ie s  o f  the Rhode River: c u lt iv a te d  crop­
land, 40.6 tons per square m ile ; fo re s t  and old f ie ld s ,  17.1 tons per 
square m ile ; and re s id e n t ia l ,  310.7 tons per square m ile. Since the 
drainage systems in a l l  three cases (Wolman 1967, Roberts and Pierce 
1974, 1976, and C orre ll e t al 1975) are p r im a r i ly  ru ra l w ith  l i t t l e  
urban usage, d iffe rences in land use do not account fo r  the reported 
d if fe rences  in sediment y ie ld s . Lower sediment y ie ld s  in  the Rhode 
River system probably re s u l t  from lower topographic r e l i e f  and sediment 
storage reported by C orre ll e t al (1975) in wetlands and grasslands 
during spring and summer months. Wolman (1967) and Roberts and Pierce 
(1974, 1976) do not account fo r  storage in  th e ir  estimated sediment 
y ie ld s .
Pierce and Dulong (1975) monitored four watersheds in the Rhode 
River Drainage basin, Maryland, and were able to  show a high co rre la t io n  
(r2 values ranged from 0.84 to 0.98) between water discharge and 
suspended sediment loads. Later, Pierce and Dulong (1977) reported tha t 
annual discharge from these watersheds ranged from 13 to 146 tons per 
square m ile  per year. The authors also reported tha t a maximum sediment 
discharge coincides w ith  the peak water discharge in the spring and 
f a l l .  C o r re l l ,  Faust and Pierce (1977) show tha t s ta t is t ic a l  models
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based upon water discharge, dissolved and suspended m ateria l discharge, 
and land use can be used to  p red ic t non-point source discharge fo r  other 
watersheds where on ly water discharge and landuse data are ava ilab le .
The in ve s t ig a to rs  po in t out th a t more accurate p red ic t ions  are possible 
fo r  longer time periods or la rger watersheds.
H is to r ic a l Changes in Land Use:
I t  should be c lear from the preceding section th a t  land use or land 
cover is  a s ig n i f ic a n t  fa c to r  in suspended sediment y ie ld s  caused by 
upland erosion. Consequently, changes in land use must be considered 
before estimates o f  sediment y ie ld s  are made.
From the pre-European settlement period to the e a r ly  nineteenth 
century southern Piedmont streams were described as ... "c rys ta l c lea r" ,  
and even during flood  periods carried  very l i t t l e  sediment. Accounts of 
deep, mature bottomland s o i ls  common throughout most o f the Piedmont at 
th a t t im e, provide another ind ica t io n  tha t so i l  erosion was extremely 
l im i te d  (Trimble 1974). This s i tu a t io n ,  however, began to  change as the 
ra te  o f land conversion from fo re s t  to cropland (tobacco farming) 
increased through the la te  eighteenth century and e a r ly  nineteenth 
century. In the Piedmont port ion  o f V irg in ia  the greatest in te n s i ty  o f 
erosive land use occurred from the e a r ly  1800's to the la te  1880's. A 
period o f reduced sediment production began between the 1880's and 
1900's as farm ing declined and t ra c ts  o f former cropland reverted to 
pasture and woods. The decline in a g r ic u l tu ra l land coupled w ith  the 
beginning o f s o i l  conservation p ractices in farming brought about a 
continued decline in s o i l  erosion, w ith  the exception o f loca lized
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increases caused by urbanization and highway construction  (Trimble 1974, 
Meade and Trimble 1974, and Guy and Jones 1972).
In the Rappahannock River basin below the Fall Line, a summary o f 
land u t i l i z a t io n  shows th a t the proportion o f fo re s t ,  cropland and 
pasture has remained r e la t i v e ly  constant during the past 30 years.
Above the Fa ll Line a 15 percent decline in fo re s t  land is  reported, 
apparently the re s u l t  o f increased re s id e n t ia l and urban development 
EPA (1983).
A sustained decline in erosive land use beginning in  the ea r ly  
1900's would even tua lly  re s u l t  in  a decrease o f suspended sediment 
discharge from the uplands. However, in the Piedmont sub-basin th is  
trend apparently began to  reverse by the 1950's, as fo re s t  was converted 
to  re s id e n t ia l and urban areas. I t  is  probable th a t  these land use 
changes tended to  cancel each,other out, so tha t suspended sediment 
y ie ld s  have remained r e la t i v e ly  constant from 1909 to 1973. In the 
Coastal Plain sub-basin land cover has remained unchanged fo r  the past 
30 years and there is  no in d ica t io n  in the l i t e r a tu r e  th a t  the 
p r in c ip a l ind u s tr ie s  o f f is h in g ,  grain farming and lumbering have 
changed appreciably in  the past century. So i t  can also be assumed tha t 
suspended sediment discharge fo r  the Coastal P lain sub-basin has 
remained r e la t i v e ly  constant throughout the study period.
Approach:
S ig n if ic a n t  d iffe rences in  the fa c to rs  e f fe c t in g  suspended sediment 
y ie ld s  (topography, r a in fa l l - r u n o f f ,  so i l  character and so i l  cover) are 
expected between d is s im i la r  physiographic regions; hence fo r  the purpose
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o f  estim ating  sediment discharge, the Rappahannock River basin has been 
subdivided in to  two sub-basins: the Blue Ridge and Piedmont, and the
Coastal Plain. A l l  areas above the gaging s ta t ion  at Fredricksburg are 
considered pa rt o f  the Blue Ridge - Piedmont sub-basin, and those areas 
below Fredricksburg are considered part o f  the Coastal P lain sub-basin.
A summary o f water discharge data and suspended sediment concentrations 
on record fo r  the two sub-basins is  given in Table 9.
In the Blue Ridge - Piedmont system the mean annual sediment y ie ld ,  
based upon 30 years o f sediment discharge data, was used to estimate the 
to ta l  suspended sediment y ie ld  fo r  the 64 year period (1909 to 1973). This 
approach could not be used in  the Coastal P lain sub-basin since suspended 
sediment concentrations were not recorded at the three e x is t in g  Coastal 
P lain gaging s ta tions . Instead data from s im i la r  drainage systems was 
reviewed to  estimate sediment y ie ld s  on a u n it  area basis.
Results:
Estimate o f Suspended Sediment Yields From the Blue Ridge-Piedmont Sub-basin.
Annual suspended sediment loads recorded at the Remington gaging 
s ta t io n  over a 30 year period (1951 to 1981) were used to obtain the 
mean annual suspended sediment y ie ld  o f  87,000 tons (U.S. Geological 
Survey 1965 - 1980, and e a r l ie r  unpublished data). From th is  mean 
sediment discharge an approximation o f  the suspended sediment discharge 
fo r  the e n t ire  Blue Ridge-Piedmont sub-basin is  possible. Yearly 
average ru n o ff  fo r  the sub-basin above Remington (1.02 c fs /sq . mi.) is
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very s im i la r  to  th a t  fo r  the whole Blue Ridge-Piedmont Sub-basin 
(1.01 c fs /sq . mi.). This suggests tha t a simple fa c to r  based upon a 
r a t io  o f drainage areas fo r  the two portions o f the sub-basin can be 
used to  determine the to ta l  suspended sediment discharge fo r  the e n t ire  
sub-basin above the Fa ll Line. The ca lcu la t io n  is  given below:
1599 sq.mi. (Blue Ridge-Piedmont sub-basin) ^ 87,000 tons/year =
61b sq.mi. (sub-basin above Remington)
225,833 tons/year (204,837 m etric tons/year)
Since i t  can be assumed tha t land cover has not changed appreciable 
during the 64 year period from 1909 to 1973, the to ta l  suspended 
sediment load fo r  the period can be approximated by:
225,833 tons/year x 64 years = 14,453,312 tons (13,109,588 metric tons)
Estimate o f Suspended Sediment Yields from the Coastal P lain Sub-basin.
Suspended sediment y ie ld s  from the Coastal Plain port ion  o f the 
Rappahannock River drainage basin were based upon average annual 
sediment y ie ld s  reported by Pierce and Dulong (1977) fo r  two 
subwatersheds in the Rhode River, Maryland. The Rhode River was 
selected because: 1) the e n t ire  drainage basin is  s itua ted w ith in  the 
Coastal P la in ; 2) i t  is  geographica lly close to the Coastal Plain sub­
basin o f the Rappahannock River; 3) the land use composition is  s im i la r  
to  th a t o f the Coastal P lain drainage area o f the Rappahannock River;
104.
and 4) stream discharge and f lo w - in te g ra te d  sediment concentrations were 
monitored fo r  a two year period. Since both drainage areas are 
r e la t i v e l y  close to each o ther, less than 70 m iles (112 km) d is ta n t ,  and 
both are s itua ted  in the same physiographic provence, s im i la r i t i e s  in 
c l im a te ,  topography and s o i l  character are expected. Furthermore, 
s im i la r i t i e s  in  land use composition between the selected subwatersheds 
(101 and 102) and the Coastal P lain sub-basin o f the Rappahannock 
(Table 10) ind ica te  th a t sediment y ie ld s  on a u n it  area basis are very 
much a l ike . During the two year period tha t stream discharge and 
sediment concentrations were monitored on the Rhode R iver, 1974 and 
1975, p re c ip i ta t io n  was 81 percent and 132 percent o f  the annual 
average.
Table 10. Comparison o f Land Use Composition o f  the Coastal P lain Sub-basin 
(Rappahannock River) and Rhode River Subwatersheds 101 and 102. 
Data obtained from EPA (1983), and Pierce and Dulong (1977).
Land Use Categories Coastal Plain Rhode River Subwatersheds
Sub-basin 101 102
Forest 49% 55% 47%
A g r ic u l tu ra l  44% 39% 47%
Other 7% 7% 6%
*  Included in th is  category are re s id e n t ia l  and urban lands.
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Pierce and Dulong (1977) reported annual average sediment y ie ld s  o f 
29.5 tons per square m ile  in subwatershed 101, and 62.5 tons per square 
m ile  in  subwatershed 102. From these data a range o f suspended sediment 
y ie ld s  are ca lcu la ted fo r  the Coastal Plain sub-basin o f  the 
Rappahannock R iver, from 1909 to  1973:
(29.5 tons/sq. m i . / y r . )  X (1163 sq. m i.) X (64 years) = 2,195,744 tons
(1,991,606 metric tons)
(62.5 tons/sq. m i . / y r . )  X (1163 sq. m i.) X (64 years) = 4,652,000 tons
(4,219,500 m etric  tons)
Discussion:
Blue Ridge-Piedmont Sub-basin:
Meade (1982) reports  tha t nearly  h a lf  the annual sediment load is  
discharged past Remington in  1 percent o f the tim e, and tha t 85 to  90 
percent o f the sediment is  discharged in 10 percent o f the time. This 
im p lies  th a t r ive r-bo rne  p a r t ic le s  are l i k e ly  to  spend very l i t t l e  time 
in actual transport and a great deal o f time in storage. During 
in frequent periods o f high r iv e r  discharge the rem ob il iza t io n  o f 
sediment deposited in t r ib u ta r ie s  above Remington contribu tes 
s u b s ta n t ia l ly  to  sediment loads entering the drainage network fo r  the 
f i r s t  time. Meade (1982) l i s t s  f iv e  major sedimentary 
events tha t contributed s u b s ta n t ia l ly  to the to ta l  annual sediment loads 
at Remington during a 20 year period (Table 11). For at least three o f 
the years l is te d ,  1972 and 1975, storm loads discharged in 7 to 14 days 
accounted fo r  as much as 50 percent o f the to ta l  annual sediment load.
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Table 11. Sedimentary Events Recorded at the Remington Gage S ta t ion , 
Rappahannock R iver, 1955 to 1975 (Meade, 1982).
(A rb i t ra ry )  Maximum load Total Annual 
Date Store load Storm Period in  one day Suspended Sediment
(tons) (days) (tons) Load (Tons)
Aug. 1955 43,900 7 21,300 82,000
Mar. 1963 82,100 10 32,300
June 1972* 41,500 11 26,000 85,276
Mar. 1975 71,300 9 24,100 281,253
Sept. 1975 139,800 7 55,600 (same as above)
*  Tropical Storm Agnes, June 21 -  Ju ly  2, 1972.
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Coastal P lain Sub-basin.
The approach taken to estimate suspended sediment y ie ld s  fo r  the 
Coastal P lain is  comparable to tha t fo llowed fo r  the Blue Ridge-Piedmont 
sub-basin, both estimates are derived from average suspended sediment 
loads determined from d a i ly  f lo w - in te g ra te d  sediment concentration 
samples. A l te rn a t iv e ly ,  estimates of suspended sediment y ie ld s  could 
have been derived from average sediment y ie ld s  fo r  d i f fe re n t  land use 
categories represented in the Coastal Plain sub-basin; however re la t in g  
th is  method to  th a t  used fo r  the Blue Ridge-Piedmont sub-basin would be 
problematic. As p rev ious ly  mentioned, actual storage and in - t r a n s i t  
time fo r  eroded m ateria l has not been determined.
Undoubtedly the greatest disadvantage o f the method adopted fo r  
es tim ating  sediment y ie ld s  in  the Coastal Plain sub-basin is  the 
r e la t i v e ly  short observational period from which average sediment y ie ld s  
were obtained. As pointed out fo r  the Blue Ridge-Piedmont sub-basin, 
in frequent high f lo w  events of r e la t i v e ly  short duration (days) can have 
a very s ig n i f ic a n t  e f fe c t  on annual average sediment loads. With a 
reoccurrence in te rv a l from one to 10 years fo r  these sedimentary events 
(Meade, personal communication), the two year observational period is  
not long enough to provide a d e f in i t iv e  average. For th is  reason the 
estimated sediment y ie ld  fo r  the Coastal Plain sub-basin is  expressed as 
a range o f possib le values (29.5 to 62.5 tons/sq. mi.) ra ther than 
reported as a s ing le  average.
108.
Summary:
9
In the preceding sections, three sources were id e n t i f ie d  tha t are 
responsible fo r  the major f lu x  o f suspended sediment in to  the 
Rappahannock River estuary. The sources together w ith  estimated 
suspended sediment y ie ld s  are summarized below:
Source o f Suspended Sediment Flux
Chesapeake Bay ....................................  27.378 x 106 m e tr ic  tons
Blue Ridge-Piedmont Sub-basin  ............  13.11 x 106 H H
Coastal P lain Sub-basin (m in im um )..... 1.99 x 106
(maximum)  4.22 x 106 M
ii H
n
Total (minimum)  42.48 x 106 metric tons
Total (maximum)  44.71 x 106 " "
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PART V RESULTS 
SEDIMENT BUDGET
Determinations o f  sediment supply and f i l l  reported in  the pre­
ceding sections can be incorporated in to  the conceptual model o f  sediment 
sources and sinks fo r  the estuary, and re la t iv e  con tr ibu t ions  from each 
source can be ranked according to the proportions o f  materia l supplied 
by each. Table 12 summarizes these re s u l ts .
Table 12. Sediment Supply and F i l l  fo r  the Rappahannock 
River Estuary. U n its : m etric  tons x 106.
Sediment Sources
Shoreline Erosion
Suspended Sediment from:
Chesapeake Bay
Blue Ridge-Piedmont Sub-Basin 
Coastal Plain Sub-basin
Sediment Sink
Estuary F i l l
1. Bulk dens ity  fo r  materia l derived from shoreline erosion is 
assumed to be 2.7 grams/cubic centimeter.
2. Bulk dens ity  fo r  m ateria l derievd from shoreline erosion re ­
ca lcu la ted to account fo r  29% p o ro s ity ,  w ith  average density 
o f  1.89 grams/ cubic cen tim e te r(a fte r  Lambe 1969).
These data ind ica te  tha t the sediment sources evaluated in th is  study 
account fo r  approximately 40 percent o f  the to ta l  amount o f  f i l l  th a t 
has accumulated in  the estuary during the 64 year observational period. 
Although the minimum to ta l  f i l l  value provides a c loser match to the
In f lu x  between Average in f lu x  
» T909 and 1973 > per year
■ 68.5 ...........
47.9 * 0.75
27.33 0.43
13.11 0.21
3.11 (avg) 0.05
91 .5 2 - 1 .43
237.20 (max) 3.71
(126.90) (ml n) 1.98
no.
estimated mass o f  m ateria l supplied to the system^the minimum value 
accounts fo r  lead line  and fathometer inconsistencies w ithout consideration 
o f  compaction, and fo r  reasons discussed e a r l ie r  probably represents an 
underestimation o f  the to ta l  mass o f  f i l l .  Shoreline erosion accounts fo r  
the s ing le  la rg es t co n tr ib u t io n  o f  sediment to the e s tu a ry . I f  we assume 
tha t the m ateria l eroded from the estuarine shoreline has an average 
poros ity  o f  29 percent, w ith  a corresponding grain dens ity  o f  1.89 grams 
per cubic centimeter (Lambe 1969) then shoreline erosion con tribu tes about 
52 percent o f  the to ta l  sediment inpu t to the estuary. While the in f lu x  
o f  suspended sediment from the Chesapeake Bay contribu tes approximately 
30 percent o f  the to ta l  sediment in p u t,  and suspended sediment contributed 
by freshwater discharge from upland sources accounts fo r  on ly some 20 
percent o f  the t o ta l .
The discrepency th a t  ex is ts  between the to ta l  mass o f  f i l l  and the 
mass o f  materia l supplied to the estuary probably re su lts  from errors in ­
herent in bathymetric comparisons and from underestimates o f suspended 
sediment in f lu x  from the watershed and the Bay.Results obtained in  the 
e r ro r  analyses, fo r  v e r t ic a l  and volumetric measurements, in d ic a te ,  a 
maximum e rro r o f  60 percent fo r  the lower and upper estuary (0 to 45 km. 
and 60 to 95 km.) where the bulk o f  f i l l  has accumulated. I f  the to ta l  
f i l l  is  adjusted fo r  the maximum degree o f  e rro r  an excess o f  about 50 
m i l l io n  m etr ic  tons o f  f i l l  remains. Since estimates o f  suspended sediment 
i f l u x  through the mouth did not account fo r  t id a l  resuspension o f  sediment 
or suspended sediment transpo rt near the sediment-water in te r fa ce , some 
portion  o f  the excess f i l l  might be balanced by inputs re s u l t in g  from these 
two processes. I t  is  also possible tha t during in frequent high flow periods, 
higher than average suspended sediment loads from headward and seaward
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sources may co n trib u te  more m ateria l than had been estimated by near 
normal flow  co n d ition s . I f  th is  is  the case, then higher than average 
flow  cond itions may be needed to  p re d ic t the long-term  suspended sed­
iment in f lu x  in to  the estuary.
Another way to  evaluate the sediment budget fo r  the estuary is  to 
consider inputs and storage ( in  the estuary s ink ) w ith in  the lower, 
m iddle, and upper estuary. In Table 13, the to ta l mass o f sediment de­
liv e re d  ;to  the estuary has been p a rtit io n e d  in to  the three segments.
The re s u lts  in d ica te  th a t f lu v ia l  inputs and loca l shore line  erosion
are s u f f ic ie n t  to account fo r  most o f the f i l l  in  the upper estuary; 
suggesting th a t much o f  the r ive r-b o rn e  suspended sediment load may be 
trapped w ith in  the upper estua ry , landward o f  the head o f the s a lt  
in tru s io n . In the middle estuary, inputs from shore line  erosion and 
suspended sediment from la te ra l t r ib u ta r ie s  cannot account fo r  the mass 
o f m a teria l th a t has accumulated w ith in  th is  segment. Since vo lum etric  
e rro rs  estimated fo r  the middle estuary have been shown to exceed 1:00 
percent o f the observed volume change i t  is  possib le  th a t the actual 
mass o f f i l l  th a t has accumulated in th is  segment is  c loser to  the mass 
o f  sediment supplied to  the segm ent.If th is  were the case then suspended 
sediment inputs from the Blue Ridge-Piedmont Sub-basin and from net land­
ward flow  a t depth in  the lower estuary are not im portant co n tr ib u tin g  
sources to  f i l l  in  the middle estuary. In the lower estuary, sediment 
supply is  two to  three times lower than storage w ith in  the segment.Thev 
magnitude o f the imbalance suggests th a t e ith e r  higher than estimated 
suspended sediment loads are en te ring  the estuary from upland sources 
and are by-passing the upper and middle estuary, or the suspended sediment 
in f lu x  from the estuary is  markedly greater than ind ica ted by the box 
model. The la t t e r  a lte rn a tiv e  would seem to in d ica te  th a t resuspension o f
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bottom sediment in  the Chesapeake Bay accounts fo r  a major p o rtion  o f 
the f i l l  accumulating in  the lower estuary, and th a t the bulk o f  m ateria l 
derived from th is  source is  transported in to  the estuary in  near bottom 
flow . These cond itions are necessary to expla in sediment inputs from the 
Bay since suspended sediment concentrations are o ften many orders o f 
magnitude lower in  the Bay then in  the estuary (N ichols and Thompson 1973 
and N ichols e t al 1981 ).
Table 13. Sediment Supply and F i l l  fo r  the low er, middle
and upper portions o f the Rappahannock River Estuary, 
from 1909 to 1973. U n its : m etric  tons x 1;0 .
Sediment Sources Lower Estuary
(0 to 45 km)
Shoreline Erosion 29.71!
Suspended Sediment from:
Chesapeake Bay 27.33
Blue Ridge-Piedmont
Sub-basin ------
Coastal P lain
Sub-basin 1.03
Total Input 91.5 58.04
Sediment Sink
Estuary F i l l  237.20 181.2
F i l l  less 60% e rro r  108.6
Middle Estuary Upper Estuary
( 45 to  60 km) ( 60 to  95 km)
8.20 10.07
  13.11
1.03 1.03
9.23 24.21
23.8 32.2
14.31 19.32
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DISCUSSION OF RESULTS
Measurements o f bathymetric change throughout the Rappahannock 
R iver Estuary in d ica te  th a t much o f the estuary is  f i l l i n g  a t a ra te  
fa s te r than the re la t iv e  r is e  o f sea leve l (Table 1 4 .). However, over 
the past century the ra te  o f f i l l i n g  has been qu ite  va ria b le  ( see 
Figure 1 5 .). G enera lly, the fa s te s t ra tes o f shoaling are observed in  
the deeper po rtions o f the lower and upper estuary from 0 to 45 k i lo ­
meters and 60 to 95 k ilom eters , re sp e c tive ly . At depths greater than 
24 fe e t (7.3 m eters), average bathymetric change has exceeded the 
estimated v e r t ic a l e rro r by a t le a s t 2.3 fe e t (0.7 m eters). However, 
along marginal f la t s  and shoals, a t depths less than 24 fe e t shoaling 
has resu lted  in  average bathymetric changes th a t are w ith in  the range 
o f the estimated v e r t ic a l e rro r band (+ 1.5 fe e t,  + 0.46 m eters). The 
only notable exceptions occur in  the middle and upper estuary (45 to 
95 km) where fa s te r  ra tes o f shoaling have resu lted  in  greater bathy­
m etric  changes a t depths o f 12 to  24 fe e t (3.7 to  7.3 m eters). Despite 
the fa c t th a t depth changes along shallow margins are sm aller than the 
e rro r band around v e r t t ic a l  measurements, cons is tan t observations o f 
shoaling along most transect l in e  crossings in  shallow areas suggests 
th a t shoals and f la ts  are being f i l l e d ,  a lb e it  a t slower ra tes than 
deeper areas. This in te rp re ta tio n  can be made because the v e r t ic a l 
e rro r c r i t e r ia  re f le c t  random e rro rs  and cons is tan t observations o f 
shoaling would not be expected i f  the bathymetric changes re fle c te d  
on ly erroneous changes in  depth.
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Table 14. Rates o f Bathymetric Change Throughout the 
Rappahannock River Estuary, 1909-1973. Cal­
culated from 'E qu iva len t V e rtica l Change' 
values in  Table 5. U n its : centim eters per year. 1.
Depth Group Lower Estuary Middle Estuary Upper Estuary
(0 to  45 km) (45 to  60 km) (60 to 95 km)
A 0.19 0.41 0.56
B 0.47 0.86 1.36
C 2.45 1.84 2.56
1. The e rro r band around v e r t ic a l measurements is  equ iva len t to
0.71 centim eters/year fo r  bathymetric changes observed over 
a 64 year period (1909 to 1973).
Longitudinal trends in  bathymetric change throughout the deeper 
portions o f the estuary c lo se ly  p a ra lle l the hydrographic zones in  the 
model o f  estuarine c irc u la t io n  presented in  Figure 2. Higher ra tes o f 
shoaling occur landward and seaward o f the tu rb id ity  zone; while  s ign ­
i f ic a n t ly  lower ra tes o f shoaling have been observed w ith in  the l im its  
o f the tu r b id i t y  zone. This suggests th a t much o f the sediment load 
ca rrie d  in  the two-layered c irc u la t io n  system and inpu t from f lu v ia l 
sources in  the Piedmont is  deposited up rive r o f the tu rb id i ty  maximum 
or s e tt le s  out fa r th e r  downriver. Lower shoaling rates w ith in  the 
tu rb id ity  maximum may re s u lt  from greater v e r t ic a l m ixing a t the head 
o f the s a lt  water in tru s io n .
Trends o f shoaling along shallow marginal areas are predominately 
the re s u lt  o f  la te ra l sediment inpu t from erosion o f the estuarine  
shore line  and from suspended sediment inputs from la te ra l t r ib u ta r ie s  
d ra in ing  the Coastal P la in . In the middle and upper reaches o f the
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estuary (45 to  80 km) a s ig n if ic a n t  po rtion  o f the m ateria l eroded 
from the banks has probably con tribu ted  to  f i l l  in  the deeper areas 
w ith in  th is  section.Hence, w ith  respect to  suspended sediment depos­
i t io n  w ith in  the zone o f the tu rb id ity  maximum, v e r t ic a l advection 
may prevent most o f the suspended sediment from s e t t l in g  ou t. The 
m ate ria l th a t has accumulated w ith in  th is  zone may be derived prim­
a r i ly  from the adjacent sho re lines. I t  is  also possib le  th a t in ­
creased t id a l currents between Wares Warf and Tappahannock ( 59 to  
67 km u p rive r) may be responsib le fo r  greater scour and resuspensidn 
o f fine -g ra ine d  w ith in  the middle estuary. This p o s s ib i l i ty  would 
suggest th a t the thalweg, or perhaps the e n tire  cross-section  o f  the 
estuary, is  nearing a cond ition  o f  e q u ilib r iu m  w ith  respect to t id a l 
flow  w ith in  the middle po rtion  o f the estuary. I f  th is  were so then 
we might expect to  see th is  s tab le  segment o f the estuary lengthen 
seaward as deposition  in  the lower estuary narrows the cross-section  
fu r th e r  downriver.
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PART VI CONCLUSIONS
The ana lys is o f bathymetric change in  the Rappahannock River 
Estaury together w ith  the estimates o f sediment in f lu x  to the system 
during the 64 year period (1909 to  1973) re s u lt  in  the fo llo w in g  
conclusions: ^
1. The estuary has been f i l l i n g  a t a ra te  fa s te r  than re la t iv e  sea
leve l r is e  during the 64 year period from 1909 to  1973. Shoaling
«*>
is  fa s te s t in  the deeper portions o f the estuary (depths greater 
than 24 fe e t ) ,  where rates o f  shoaling range from 1.8 to  2.6 c e n t i­
meters per year. In shallower areas the ra te  o f shoaling ranges from 
0.2 to  1.4 centimeters per year.
2. Approximately 76 percent o f the f i l l  has accumulated in  the lower 
estuary, while  14 percent o f the f i l l  has accumulated in  the upper 
estuary (0 to 45 km and 60 to  95 km , re s p e c tiv e ly ) .
3. Over the past one hundred years sedimentation rates have varied 
considerab ly in  the thalweg, though shoaling has persisted throughout 
th is  period , the ra tes appear h ig h ly  v a ria b le .
4. Approximately 60 percent o f the f i l l  th a t has accumulated in  the 
estuary during the 64 year period cannot be accounted fo r  in  the 
estimates o f sediment inputs to  the system.
5. Marginal inputs o f sediment from shore line erosion and suspended 
sediment from the Bay co n trib u te  the greatest amount o f m ateria l 
de live red  to the estuary (excluding possible unestimated sediment in p u ts ).
6. F luv ia l sediment inputs are dominated by suspended sediment derived 
from the Blue Ridge-Piedmont Sub-basin, while  inputs from the Coastal 
P lain account fo r  very l i t t l e  sediment en te ring  the estuary.
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APPENDIX A
COMPARATIVE CROSS-SECTIONAL PROFILES 
SHOWING BATHYMETRIC CHANGES 
FROM 1909 to 1973
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APPENDIX B
GRAPHIC COMPARISON OP TWO METHODS 
/ FOR CALCULATING WATER CONTENT
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APPENDIX G
SUMMARY OP WATER CONTENT 
BATA
FOR THE RAPPAHANNOCK RIVER ESTUARY
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Summary o f  water content data fo r  the Rappahannock River 
Estuary. Data represents channel and s h e l f  sediment 
moisture contents, shoal and f l a t  samples have been 
om itted. Water content (Wc) ca lcu la ted  as fo l lo w s :
Wc = Ww  (100)
Ww + Ws
where Ww is  the weight o f  the water and Ws is  the weight 
o f  the sediment. Data sources: Nelson, B.W. (unpublished);
*N icho ls , M.M. (unpublished).
Distance Water Sample Water Distance Water Sample Water
Upriver Depth Depth Content Upriver Depth Depth Content
(km.) ( f t . ) (cm.) (%) ( km . ) ( f t . ) (cm.) ( %)
1.5 50 0-1 63.5 11.5* 35' 0-1 73.5
2-5 61 1-2 73.5
6-10 62 2-3 71.5
16-20 44 10-12 71
26-30 59.5 20-22 67.5
30-32 62
1.5 36 0-1 62.5 40-42 63.5
2-5 54 50-52 60.5
6-10 49.5
16-20 62 14 19 0-1 73.5
26-30 48.5 1-2 74
2-3 73.5
1.5 30 0-1 63.5 10-12 63
2-5 63.5 20-22 59.5
6-10 55.5 30-32 59
16-20 51 40-42 56
26-30 50.5 50-52 59.5
1.5 32 0-1 66. 5 22.5 30 0-1 75
2-5 59 3-5 71
6-10 53 6-10 63.5
16-20 51 16-20 59.5
26-30 45.5 26-30 52
9.5 67 0-1 72 22.5 42 0-1 73
2-5 68 3-5 69
6-12 66.5 6-10 55
16-20 49.5
11.5* 34 0-1. 82.5 22.5 35
1-2 80 0-1 73
2-3 75 3-5 66.5
10-12 74.5 6-10 64
20-22 69.5 16-20 61
40-42 72
47-49 74 28 50 0-1 74.5
2-5 72
6-12 71
Distance 
Upriver 
(km.)
\  V . U I I  U 1 I I U C U  J
Water Sample 
Depth Depth 
( f t . )  (cm.)
Water
Content
(%)
Distance 
Upriver 
(km.)
Water
Depth
( f t i )
Sample 
Depth 
(cm.)
Water
Content
(%)
50-52 75
28 40 0-1 74 46.5 19 0-1 73.5
2-5 67 2-5 66
6-12 64.5 6-10 60.5
16-20 54.5
28 30 0-1 75 26-30 51
2-5 68.5
6-12 62.5 54* 21 0-1 72
1-2 69
28 30 0-1 76 2-3 64.5
2-5 66.5 10-12 64.5
6-12 62.5 20-22 66.5
30-32 62
29* 31 0-1 76.5 40-42 66.5
1-2 76 50-52 66.5
2-3 72.5
10-12 66.5 61* 19 0-1 77
20-22 64.5 1-2 74
30-32 63 2-3 71.5
40-42 62.5 10-12 68.5
50-52 59.5 20-22 69
30-32 63.5
37.5 33 0-1 75 40-42 65
2-5 69.5 50-52 64
6-10 71.5
16-20 67.5 61 14 0-1 74
26-30 65 3-5 63.5
6-10 61
37.5 40 0-1 75 16-20 63.5
2-5 71 26-30 56
6-10 73
16-20 69 61 24 0-1 59.5
26-30 65 2-5 59
6-10 41
37.5 30 0-1 75 16-20 63.5
2-5 68.5 26-30 61
6-10 56
16-20 57 73* 16 0-1 80
26-30 73 1-2 76
2-3 71.5
40* 31 0-1 76 10-12 62.5
1-2 75.5 20-22 33.5
2-3 75 30-32 57
10-12 73 40-42 61
20-22 72 50-52 59
30-32 71
40-42 66
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Distance
Upriver
(km.)
( conti i
Water
Depth
( f t . )
nued)
Sample 
Depth 
(cm.)
Water
Content
(* )
Distance
Upriver
(km.)
Water
Depth
( f t . )
Sample 
Depth 
(cm.)
Water
Content
(* )
74 18 0-1 51-5 89 17 0-1 75
2-5 59 2-5 67.5
6-10 58 6-10 50
16-20 66.5 16-20 62.5
26-30 65
102* 16 0-1 76
74 15 0-1 72 1-2 75
2-5 65.5 2-3 75.5
6-10 61 5-6 69
16-20 62 10-12 66
26-30 58.5 20-22 61
36-40 60.5 30-32 54.5
40-42 49.5
82* 21 0-1 55.5 50-52 55.5
1-2 56
2-3 49.5 115 25 0-1 71.5
5-6 51 2-5 62.5
10-12 45.5 6-10 54.5
20-22 61 16-18 44
30-32 49.5
40-42 54.5
50-52 52
89 23 0-1 75.5
2-5 65.5
6-10 49.5
Add it iona l water content data, taken a t the :sediment - water in te rfac
Distance Upriver (km.) Water Depth ( f t . )  Water Content
6* 52 79.5
9.5 35 67.5
9.5 37 66.5
20* 65 82.5
20* 34 76.5
28 - 75
36 43 73.5
48 21 77.5
59 21 65
67 17 75
78 22 45.5
88 20 74
95 25 77
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APPENDIX D
DATA SUMMARY 
MAXIMUM CHARNEL DEPTHS 
FOR THE RAPPAHANNOCK RIVER
SOUNDINGS FROM 
Ifigfc
1909
195U
1971
1973
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Summary o f  maximum channel depths fo r  the Rappahannock 
R iver, V i rg in ia .  Data obtained from bathymetric 
surveys o f  1854, 1909, 1954, 1971, and 1973. Maximum 
depths are recorded in  fe e t .
Distance Upriver 
(k i lom e te rs ) 1854 1909 1954 1971 1973
0 49.3 47.1 43.1
0.25 55.3 - 54.1 - -
0.51 60.8 - 60.1 - -
0.76 64.3 - 63.1 - -
1.02 65.8 - 62.1 - -
1.27 61.1 60.9 61.1 - -
1.52 66.8 61.4 60.1 - -
1.78 66.8 63.9 64.1 - -
2.03 72.8 67.9 67.1 - -
2.29 72.8 69.9 69.1 - -
2.54 74.8 71.9 71.1 - -
2.90 74.8 72.9 69.1 - 69.4
3.15 75.8 73.9 68.1 - -
3.40 75.8 - 65.1 - -
3.66 73.8 - 63.1 - -
3.91 - - 63.1 - -
4.16 72.8 - 62.1 - -
4.42 69.8 - 61.1 - -
4.67 73.8 70.9 61.1 - -
4.93 - - 62.1 - -
5.18 69.8 73.9 64.1 - 61.7
5.43 - - 65.1 - -
5.69 73.8 - 67.1 - -
5.94 73.3 - 69.1 - -
6.20 76.8 - 71.1 - -
6.45 78.3 79.9 72.1 - -
6.70 - - 70.1 - -
6.96 - - 70.1 - -
7.01 79.8 73.9 70.1 - 68.8
7.26 78.3 - 71.1 - -
7.52 78.3 - 70.1 - -
7.77 79.3 - 70.1 - -
8.02 - - 68.1 - -
8.28 75.3 74.9 67.1 - -
8.53 77.8 68.9 65.1 - -
8.79 - - 64.1 - -
9.04 - - 63.1 - -
9.29 73.8 - 63.1 - -
9.55 69.8 - 63.1 - -
9.80 69.8 - 64.1 - -
Cont'd
Distance Upriver
(k ilom eters) 1854 1909 1954 1971
10.05 69.8 - 64.1 -
10.31 67.8 69.9 67.1 -
10.56 67.8 75.9 68.1 -
10.82 67.8 75.9 69.1 -
11.07 - - 62.1 -
11.32 69.3 - 67.1 -
11.58 65.3 - 62.1 -
11.83 64.3 - 60.1 -
12.09 64.3 63.9 60.1 -
12.37 - 63.9 60.1 -
12.62 74.3 - 60.1 -
12.87 64.8 - 64.1 -
13.13 71.8 - 60.1 -
13.38 73.8 - 73.1 -
13.63 78.3 - 75.1 -
13.89 78.3 77.9 79.1 -
14.14 83.8 - 78.1 -
14.40 71.8 - 77.1 -
14.57 72.8 77.9 76.1 -
14.83 82.8 - 78.1 -
15.08 82.8 - 74.1 -
15.34 86.8 - 73.1 -
15.59 81.8 77.9 76.1 -
15.84 79.8 - 75.1 -
16.10 81.8 - 75.1 -
16.35 80.8 - 73.1 -
16.61 77.3 - 70.1 -
16.86 76.8 72.9 67.1 -
17.14 75.8 72.9 65.1 -
17.39 74.8 - 63.1 -
17.65 75.8 - 63.1 -
17.90 - - 63.1 -
18.15 76.3 - 65.1 -
18.49 75.8 - 69.1 -
18.66 75.3 72.9 72.1 -
18.92 - 72.9 74.1 -
19.17 75.8 - 72.6 -
19.42 74.8 - 72.1 -
19.68 75.8 - 68.1 -
19.80 - 69.9 67.1 -
20.06 69.7 - 63.1 -
20.31 64.7 68.9 61.1 -
20.57 60.7 - 60.1 -
1973
69.0
76.5
65.8
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Cont'd
Distance Upriver
(k ilom ete rs) 1854 1909 1954 1971
20.72 60.7 ■ - 59.1 -
20.97 - - 58.1 -
21.23 - - 57.1 -
21.48 60.2 -  ; 56.1 -
21.73 63.7 -  1 56.1 -
21.99 65.2 - 56.1 -
22.24 63.2 61.9 57.1 -
22.34 63.2 61.9 57.1 -
22.60 62.7 60.9 - -
22.85 64.2 61.4 - -
23.11 65.2 61.9 - -
23.36 62.7 60.4 - -
23.61 60.2 - - ■ -
23.87 56.7 55.4 - -
24.12 - 53.9 - -
24.37 - 53.9 - -
24.63 49.7 53.9 - -
24.88 52.2 53.9 - -
25.14 50.7 53.4 - -
25.39 53.7 53.4 - -
25.64 54.7 - - -
25.90 54.7 - - -
26.15 54.9 - -
26.41 53.7 56.9 - -
26.68 54.2 - - -
26.94 53.7 - - -
27.45 48.2 - - -
27.70 43.7 - - -
27.95 41.7 - - -
28.21 40.2 - - -
28.46 43.7 - - -
28.97 39.7 - - -
29.48 39.7 - - -
29.73 41.7 - - -
29.99 57.7 58.9 - -
30.24 55.2 58.9 - -
30.49 69.7 - - -
30.70 65.9 56.9 - -
31.20 56.4 - - -
31.71 56.9 55.9 - -
32.22 57.4 - - -
32.47 58.4 - - -
32.73 60.9 - - -
1973
46.0
59.7
131 .
Cont' d
Distance Upriver
(k i lo m e te rs )  1854 1909 1954 1971 1973
32.98 56.4 -
33.18 63.9 55.9 . . .
33.44 54.4 57.4 -
33.69 54.4 57.9 -
33.95 55.4 59.9
34.20 54.4 60.9
34.45 55.9 61.9 -
34.71 55.4 63.4 -
34.96 57.4 64.9 -
35.01 57.4 65.9 -
35.27 55.4 62.4 -  -  -
35.52 54.4 59.9 -
35.77 51.4 56.9 -  -
36.28 50.9 53.9 -
36.54 50.9 51.4 -  -  45.6
36.79 47.2 -
36.87 44.9 -
37.37 41.2 -
37.63 40.2 -
37.88 36.9 -
38.14 39.2 36.9 -
38.39 39.2 37.9 -
38.49 39.6 37.9 -
38.75 40.6 39.9 -
39.00 40.6 40.9 . . .
39.25 49.6 -
39.51 55.6 - -  -
39.76 57.1 -
40.01 57.6 -
40.27 53.6 45.9 -
40.52 48.6 45.9 - -  -
40.78 40.1 -
41.03 40.6 -
41.06 40.6 45.9 -  -  30.0
41.31 40.6 43.9 -
41.56 38.6 41.9
41.82 38.6 39.9 -
42.07 39.6 37.9 -
42.33 40.1 35.9 -  ,
42.58 40.6 - -■
42.83 40.1 36.9 .  -  -
43.07 44.6 -
43.29 48.1 37.9 -
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Cont' d
Distance Upriver
(k ilom eters) 1854 1909 1954 1971 1973
43.54 44.6 -
43.80 43.6 39.9 -
44.05 43.1 39.9 . . .
44.31 42.6
44.56 41.6 -
44.81 40.6 -
45.07 39.6 -  -  -
45.32 40.1 -
45.58 40.1 35.9
45.68 39.6 35.9 - - 28.5
46.18 33.1
46.44 28.6 . . . .
46.69 26.6 -
46.95 25.6 -
47.45 24.6 -
47.96 23.1 -  -  -
48.47 23.6 -
48.98 24.6
49.23 26.6 -
49.74 32.6 -
50.25 30.6 -
50.50 32.6 -
51.01 32.6 -
51.26 32.6 -
51.52 37.6 -
51.59 37.6 31.9 . . .
51.85 37.6 . . . .
52.35 33.6 30.9
52.61 30.6 29.9
52.86 30.4 29.9 . . .
53.12 29.9 25.9 -
53.37 29.4 -
53.62 29.4 -
53.88 29.4 -
54.13 28.9 24.9 -
54.39 26.9 -
54.64 28.9 -  -  -
54.84 28.4 25.9 -  -  26.2
55.35 27.9 -
55.60 28.4 23.9 -  - -
55.86 28.9 -
56.37 29.4 24.9 -
56.87 29.4 -
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C o n t ' d
mce Upriver 
lometers) 1854 1909 1954 1971
57.13 25.9 _
57.18 30.4 25.9 — -
57.43 30.4 - - -
57.94 - 25.9 - -
58.19 33.4 26.9 - -
58.45 31.4 - - -
59.13 - 28.9 - -
60.15 - 26.9 - 25.3
60.91 - 27.9 • - -
60.96 - 28.9 - -
61.22 - 31.9 - 32.3
61.72 - 38.9 - -
61.98 — 34.9 - 28.4
62.23 - 24.9 - -
62.99 21.9 - -
63.75 - 22.9 - -
64.52 - 23.9 • 19.8
65.20 - 27.9 - 25.1
65.46 - 28.9 - 24.8
66.22 - 29.9 - -
66.98 - 19.9 - -
67.03 - 18.9 - 16.6
67.79 - 16.9 - -
68.30 - 17.9 • 18.8
68.55 - 18.9 - -
68.81 - 17.9 - -
69.01 - 17.9 - 15.3
69.26 - 17.9 - -
69.52 - 17.9 - -
69.77 - 18.9 - , -
70.03 - 19.9 - -
70.28 - 21.9 - -
70.43 - 21.9 - -
70.94 - 17.9 - -
71.45 - 16.9 - 14.7
71.70 - 15.9 - -
71.96 - 17.9 - -
72.72 - 17.9 - -
72.97 - 23.9 - -
73.22 - 26.9 - -
73.25 - 26.9 - -
74.01 - 17.9 - -
74.52 - 18.9 - 17.4
1973
22.1
22.8
134.
C o n t ' d
Distance Upriver
(k ilom eters) 1854 1909 1954 1971
74.77 -  20.9
75.03 -  20.9
75.41 -  22.9 - 20.7
75.92 -  22.9 -  19.3
76.17 -  20.9
76.68 -  18.9
76.83 -  19.9 - 15.9
77.59 -  18.9
77.85 -  19.9
78.10 -  21.9
78.35 -  22.9
78.58 -  24.9 -  24.8
78.84 -  25.9
79.34 -  27.9
80.11 -  26.9 -  23.7
80.36 -  29.9
80.49 -  32.9 -  25.0
80.74 -  32.9 -  29.1
81.25 -  31.9 -  30.4
82.01 -  33.9
82.06 -  33.9
82.77 -  30.9
83.28 -  25.8 -  21.4
84.04 -  22.8
84.29 -
84.80 - 27.8
85.06 - 27.2
85.31 - 32.3
85.56 -
85.82 - 38.8
86.33 -  46.8
86.83 -  57.8
87.16 - 51.8
87.67 -  47.8
88.05 -  40.8
88.56 -  35.8
89.07 -  33.8
89.83 -  30.8
90.19 -  27.8
91.20 -  23.8
91.71 -  30.8
91.96 - 35.8
92.22 -  44.8
1973
19.8
18.6
34.6
31.7
18.7
135.
C o n t ' d
Distance Upriver
(k i lo m e te rs )  1854 1909 1954 1971
92.35 - 54.8
92.62 -  57.8
93.18 -  30.8
93.69 -  30.8
93.94 -  30.8
94.37 -  49.8
94.63 -  48.8
94.88 -  48.8
95.14 -  48.8
95.21 -  48.8
95.47 -  43.8
95.72 - 54.8
95.75 - 54.8
96.23 - 61.8
96.74 - 37.8
97.24 -  36.8
97,50 - 36.8
98.26 -  52.8
98.41 -  54.8
98.92 -  47.8
99.35 -  46.8
99.60 -  50.8
99.94 - 71.8
100.37 -  47.8
101.13 -  31.8
101.51 -  36.8
1973
51.7 
22.0
44.0
35.9
46.0
45.9
55.7
19.7
136.
APPENDIX E
' DATA SUMMARY
PROM CROSS-SECTIONAL PROFILE COMPARISONS
- DEPTH GROUP
- DEPTH CHANGE
CORRECTION FACTOR (converts volma to mass) 
 — VOLUME
- CORRECTION FACTOR FOR MOISTURE CONTENT
- MASS* GFo SEDIMENT DEPOSITED OR ERODED
137.
■ d i s t a n c e  u p r i v e r
oo•ofl PROFILE SEGMENT NO. 1
DEPTH DEPTH ERROR DEPTH ME ASUREu MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
CFT ) CFT J (FT1 CMT0NS1 tlHTQNSJ
A - 1 -  9 o • o - 1  . 9 - 1 3 2 7 7 3 - 1 3 2 7 7 1
A 5 . 2 0 . 0 5 *2 5 5 4 7 1 1 55 4 70 4
A 4 . 7 0 . 0 4 . 7 4 8 3 8 3 5 4 8 3 6 2 9
A 2 . 5 0 . 0 2 . 5 1 9 71 6 5 1 9 71 6 2
3 1 . 6 0 . 0 1 . 5 101382 1 01381
8 1 . 7 0 . 0 1 . 7 1095 78 10 957 7
8 1 .2 0 .0 1 . 2 67191 67 19 0
8 1 . 6 0 . 0 1 . 6 97848 97 846
3 1 . 4 0 . 0 1 . 4 1 0 97 3 3 1 097 32
B 2 . 1 0 . 0 2 . 1 13 919 7 1 3 91 9 5
8 5 .  1 0 . 0 5 . 1 4 84533 4-3 4 52 6
C 5 . 6 3 . 5 2 . 1 5 2 1 4 7 8 19 5 5 5 2
C 4 . 1 3 . 5 0 . o 2 4 73 72 3 6 200
C 3 . 6 3 .5 0 . 1 20 1588 5 60 0
c 3 . 9 3 . 5 0 . 4 2 15146 2 2 0 6 6
c 3 . 6 3 . 5 0 . 3 2 03 75 6 16 086
c 5 . 3 3 . 5 1 . 8 3 2 0 4 4 9 1 03 8 3 0
c 7 .2 3 . 5 3 . 7 4 21 88  7 2 1 6 8 0 0
c 8 . 9 3 . 5 5 . 4 344 343 3 3 02 71
c 9 . 6 3 . 5 6 . 1 6 65 63 2 422 948
c 8 . 1 3 . 5 4 . 6 5 2 2 5 4 5 2 9 6 7 5 0
c 6 . 7 3 .5 3 . 2 4 1 3 2 7 0 1 97380
c 6 . 0 3 . 5 2 . 5 3 61767 1 5 07 43
c 4 . 9 3 . 5 1 . 4 2 7 5 5 4 2 7 3725
c 4 . 0 3 . 5 0 . 5 2 1 8 3 6 8 27 296
c 3 . 8 3 . 5 0 . 3 1 97333 1557 9
c 3 . 2 3 . 5 0 . 0 1 5 0 1 2 2 0
c 2 . 5 3 . 5 0 . 0 104 546 0
c 2 . 2 3 . 5 0 . 0 80309 0
c 1 . 6 3 . 5 o•o 5 2 333 0
c 1 . 0 3 . 5 o • o 28645 0
3 0 . 7 0 . 0 0 . 7 16749 16 7 4 9
3 - 0 . 1 0 . 0 - 0 . 1 - 1 4 3 2 - 1 4 3 1
3 - 0 . 8 0 . 0 - 0 . 8 - 1 3 9 2  7 - 1 8 9 2  7
3 — 1 . 1 0 . 0 - 1 . 1 - 2 9 5 9 9 - 2 9 5 9 6
B - 1 . 0 0 . 0 - 1 . 0 - 2 2 8 5 5 - 2 2 3 5 5
8 -  1.0 0 . 0 - i  .0 - 2 6 1 9 9 - 2 6 1 9 8
3 - 0 . 7 0 .0 - 0 . 7 -  15345 - 1 5 3 4 5
B - 2 . 0 0 . 0 - 2  .0 - 6 2 9 4 0 - 6 2 9 3 9
3 - 2 . 9 0 . 0 - 2 . 9 - 1 0 3 1 9 4 - 1 0 3 1 9 2
8 - 1 . 4 0 . 0  _ - 1 . 4 - 3 1 7 1 5 - 3 1 7 1 4
3 1 . 4 0 . 0 1 . 4 35743 35742
A - 1 . 7 0 .0 - 1 . 7 -  4 5419 - 4 5 4 1 3
A - 2 . 8 0 . 0 - 2 . S - 9 0 8 7 9 - 9 0 6 7 6
A - 0 . 5 0 .0 - 0 . 5 - 6 6 8 6 5 — 6 686 4
! DISTANCE UPRIVER = 0 . 0 0 PROFILE SEGMENT NO. 1
DEPTH DEPTH ERROR d e p t h MEASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
CFT) CFT) CFT) CMT0NS) CMT0NS)
A - 1 - 9 ©•©1 - 1 . 9 - 1 3 2 7 7 3 - 1 3 2 7 7 1
A , 5 - 2 0 . 0 5 .2 5 54 7 1 1 5 d 4 70 4
A 4 - 7 0 . 0 4 . 7 4 8 3 8 3 5 4 8 3 8 2 9
A 2 - 5 0 . 0 2 . 5 1 9 7 1 6 5 1 9 71 62
9 1 - 6 0 . 0 1 . 5 1 01382 1 01381
8 1 . 7 0 . 0 1 . 7 1 0 95 7 8 109577
9 1- 2 0 . 0 1 . 2 67191 67 190
8 1 . 6 0 . 0 1 . 6 97848 9 7 8 4 6
a 1 . 4 0 . 0 1 . 4 1 0 97 33 1 0 97 32
a 2 - 1 0 . 0 2 . 1 13 919 7 1 3 9 1 9 5
8 5 .  1 0 . 0 5 . 1 4 8 4 5 3 3 48 452 6
c 5 . 6 3 . 5 2 .1 5 21478 1 9 5 5 5 2
c 4 . 1 3 . 5 0 . 6 2 4 7 3 7 2 3 6 2 0 C
c 3 . 6 3 . 5 0 . 1 2 0 1 5 8 8 560 0
c 3 . 9 3 . 5 0 . 4 2 1 5 1 4 6 2 2 0 6 6
c 3 . 6 3 . 5 0 . 3 2 0 37 5 6 1 6036
c 5 . 3 3 . 5 1 . 8 3 20 44 9 10 3 8 3 0
e 7 . 2 3 . 5 3 . 7 4 2 1887 2 1 6 3 0 0
c 8 . 9 3 . 5 5 . 4 544  343 3 3 02 7 1
c 9 . 6 3 .5 6 . 1 6 6 5 6 3 2 4 2 2 9 4 8
c 8 .  1 3 . 5 4 . 6 5 2254 5 2 9 6 7 5 0
c 6 . 7 3 . 5 3 . 2 4 13270 1 9 73 80
c 6 . 0 3 . 5 2 . 5 3b 1767 1 5 07 4 3
c 4 . 9 3 . 5 1 . 4 2 7 5 5 4 2 78 72 5
c 4 . 0 3 . 5 0 .5 2 1 8 3 6 8 2 7 2 9 6
c 3 .8 3 . 5 0 .3 1 97333 1557 9
c 3 . 2 3 . 5 0 . 0 1 50 12 2 0
c 2 . 5 3 . 5 0 . 0 104 546 0
c 2 . 2 3 . 5 0 . 0 80309 0
c 1 . 6 3 . 5 o • © 5 2 333 0
c 1 . 0 3 . 5 © • o 2 8645 0
8 0 . 7 0 . 0 0 . 7 16749 16 7 4 9
a - 0 . 1 0 . 0 - 0 . 1 - 1 4 3 2 -  143 1
B - 0 . 8 0 . 0 - 0  .8 - 1 8 9 2  7 - 1 8  92 7
3 - 1 .  1 0 . 0 - 1 . 1 - 2 9 5 9 9 - 2 9 5 9 6
3 - 1 . 0 0 . 0 - 1 . 0 - 2 2 8 5 5 - 2 2 8 5 5
8 - 1 . 0 0 . 0 - 1 . 0 - 2 6 1 9 9 - 2 6  198
a - 0 . 7 0 . 0 - 0 . 7 - 1 5 3 4 5 - 1 5 3 4 5
a - 2 . 0 0 . 0 - 2  .0 - 6 2 9 4 0 - 6 2 9 3 9
3 - 2 . 9 0 . 0 - 2 . 9 - 1 0 3 1 9 4 - 1 0 3 1 9 2
9 - 1 . 4 0 .0 — 1 . 4 - 3 1 7 1 5 - 3 1 7 1 4
3 1 . 4 0 . 0 1 . 4 35743 3 5742
A - 1 . 7 0 .0 - 1 . 7 -  4 541 9 - 4 5 4 1 3
A - 2 . 8 0 .0 - 2 . 8 - 9 0 8 7 9 -  9 0 a 7 8
A - 0 . 5 0 . 0 - 0  . 5 - 6 6 8 6 5 - 6 6 8 6 4
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE N O .  I
OEP TH GROUP A 899776 METRIC TONS
DEPTH GROUP 
DEPTH GROUP
Q
C
849749
5 7 * 6 5 0 2
METRIC
METRIC
TONS
TONS
TOTAL MASS 7496027 METRIC TONS
MINIMUM MASS OF F I L L CALCULATED ALONG PROFILE NO. 1
DEPTH GROUP 
DEPTH GROUP
A
8
899764
849738
METRIC
METRIC
TONS
TONS
DEPTH GROUP C 2120325  METRIC TONS
TOTAL MASS 3 8 7 0 3 2 7  METRIC TONS
DISTANCE UPRIVER = 2 . 8 8 PROFILE SEGMENT NO. ?
DEPTH DEPTH ERROR DEPTH ME ASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
( FT 1 ( FT  ) ( F T  I ( MTONS'> C MTON'S )
A A . 5 ©.9o 4 . 5 2 86 2 4 6 2 8 624 2
A 0 . 0 0 . 0 0 .0 0 0
A 2 . 0 0 . 0 2 . 0 175810 1 7 5 8 0 6
A 4 . 0 0 .0 4 . 0 51 50 7  2 5 1 5 0 6 5
A 1 . / 0 . 0 1 . 7 14 5 054 1 4 50 52
A 1 . 5 0 . 0 1 . 5 1273 37 1 27 3 3 6
A 4 . 5 0 . 0 4 .5 6 0 0 45 5 60 0 44 7
3 1 .8 0 . 0 1 . 8 15 48 06 154603
3 1 . 8 0 . 0 1 . 8 14 87 75 1 4 67 73
3 2 . 0 0 .0 2 . 0 1 3 3 02 6 183024
8 2 . 0 0 . 0 2 . 0 1798 13 17 9 611
8 4 . 5 0 . 0 4 . 5 6 04 52 2 604  5X4
3 6 . 0 0 .0 5 . 0 3 0944 3 3 0 9 4 3 2
3 9 . 0 0 . 0 9 . 0 1294993 1 294 97 6
3 1 4 . 0 0 . 0 14 . 0 2232766 2 23 27 3 7
3 1 2 . 0 0 . 0 12 . 0 12 78213 1 27 6 1 9 6
C 1 1 . 0 3 . 5 7 .5 7 83 00 9 53 3862
C 5 . 0 3 . 5 1 . 5 3 0219 0 9 0656
c 3 . 0 3 . 5 0 .0 1 5 31 10 0
c 2 . 0 3 . 5 0 . 0 8 4 640 0
c 3 . 0 3 . 5 0 . 0 155628 0
c 5 . 0 3 . 5 1 . 5 303337 9 1 U 0 0
c 3 . 0 3 . 5 0 . 0 1 5 2 8 1 9 0
c 3 . 0 3 . 5 0 . 0 1 52819 0
c 3 . 0 3 . 5 0 . 0 1 5 28 19 0
c 3 . 0 3 . 5 0 . 0 1 5 60 15 0
c .. 2 . 5 3 . 5 0 . 0 116031 0
c 3 . 0 3 . 5 0 . 0 1 526 26 0
c 5 . 0 3 . 5 1 . 5 3 0 12 3 5 9 0369
c 4 . 5 3 . 5 1 . 0 2 6 7 0 9 5 5 9 354
c 2 . 0 3 . 5 0 . 0 33007 0
c 0 . 0 3 . 5 0 . 0 0 0
c - 1 5 . 0 3 . 5 - 1 8 . 5 -1 17 3698 - 1 4 4  75 41
c - 1 5 . 0 3 . 5 - 1 8 . 5 - 1 1 7 3 6 9 8 - 1 4 4 7 5 4 1
c - 1 0 . 0 3 . 5 - 1 3 . 5 - 6 9 5 6 7 4 -  93 914 3
8 0 . 0 0 . 0 0 . 0 0 0
8 - 0 . 2 0 . 0 - 0 . 2 -  13239 - 1 3 2 3 9
B 0 . 0 0 .0 0 . 0 0 0
A - 2 . 5 0 . 0 -2  .5 - 3 2 6 8 9 0 - 3 2 6 6 8 5
A - 2 . 5 0 . 0 - 2 . 5 - 3 2 6 1 5 3 - 3 2 6 1 4 9
A 1 . 3 0 . 0 1 . 5 1 51161 151 159
A 0.  0 0 . 0 0 .0 0 0
A 2 . 0 0 . 0 2 .0 22 64 73 2 2 6 4 7 5
A
o•H 
|
0 . 0 1 . 0 3? 3 * 1 8^a^2
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TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO 2
Q£P TH GROUP A 1 6 6 2 AA3 HE TR IC TONS
DEPTH GROUP B 6 8 7 3 1 1 8  METRIC TONS
DEPTH GROUP C 2 7 53 0 9  METRIC TONS
_______  TOTAL MASS  8 8 0 8 8 6 9  METRIC TONS
MINIMUM MASS OF F I L L  CALCULATED ALONG PROFILE NO. 2
DEPTH GROUP A 1 6 62 42 0  METRIC TONS
DEPTH GROUP B 6 8 7 3 0 2 7  METRIC TONS
DEPTH GROUP C - 2 9 6 8 9 9 0  METRIC TONS
TOTAL MASS 5 5 66 45 8  METRIC TONS
140.
DISTANCE UPRIVER = 5 . 1 5 PROF ILE SEGMENT NO. 3
DEPTH DEPTH ERROR DEPTH ME A SURE0 m i n i m u m
GROUP CHANGE TERM -ERROR FILL F ILL
(F T ) (FT ) (FT) C MTONS) CM TONS)
A 1*6 oo 1 .6 4 6366 7 4 6 3 661
A 0 . 0 0 . 0 0 .0 0 0
A - 0 . 3 o.*o - 0 . 3 -4727 - 4 7 2 7
8 - 6 . 0 0 . 0 - 6 . 0 -2 25968 -2*25965 .
C 7 . 3 3 . 5 3 . 8 3 30410 171992
C 3 . 0 3 . 5 0 . 0 102654 0
C 1.9 3 . 5 0 . 0 54717 0
c 2 . 9 3 . 5 0 .0 10117 0 0
c 4.  7 3 . 5 1 .2 199 740 50997
c * . 5 3 . 5 1 . 0 198287 44063
c km 8 3 . 5 1 . 3 212852 5 7 647
c 5 . 5 3 .5 2 .0 256041 93105
c 6 . 0 3 . 5 2 . 5 280677 11694 7
c 8 . 0 3 . 5 4 . 5 392268 2 2 0 64 6
c 10 .1 3 .5 6 .6 5 76290 376581
c 1 2 . 2 3 . 5 8 .7 709517 505960
c 1 3 . 1 3 . 5 9 . 6 782038 57 3 08 9
c 13 .9 3 . 5 10 . 4 356483 o 4 0 8 1 3
c 1 1 .  1 3 . 5 7 .6 644696 44 1407
c 9 . 8 3 . 5 6 . 3 564112 362639
c 9 . 9 3 . 5 8 . 4 6 08 331 393259
c 1 0 . 2 3 . 5 6 . 7 603774 3 96591
c 9 . 9 3 . 5 6 *4 586605 379214
c 8 .4 3 . 5 4 . 9 506645 29553 9
c 8 . 0 3 . 5 4 . 5 472733 265909
u 5.  9 3 .5 2 . 4 325117 132249
c 5 . 7 3 .5 2 . 2 313519 122935
c 3 .8 3 . 5 0 . 3 554825 4 3302
c 2 . 5 3 . 5 0 . 0 295968 0
c 1.0 3 .5 0 . 0 81960 0
8 1. 4 0 . 0 1 .4 128762 12876 1
3 2 . 9 0 . 0 2 . 9 375250 375245
8 2 . 8 0 . 0 2 . 3 3 7 8 51 7 3 785 12
8 1-8 0 .0 1 . 8 1 97775 197772
3 0 . 9 0 . 0 0 . 9 81349 8 134b
8 1.4 0 . 0 1 .4 145888 145836
3 0 . 6 0 . 0 0 . 6 48060 4 8 059
A 0 . 7 0 . 0 0 . 7 65838 65 6 3 7
A 2 - 4 0 . 0 2 . 4 9 0 3 78 0 90o 768
141 .
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO* 3
\ .
DEPTH GROUP A 1433558 METRIC TONS
DEPTH GROUP 0 1129633 METRIC TONS
QEPTA GROUP C 1 061 64 31 METRIC IONS
TOTAL MASS 13179623 METRIC TONS
MINIMUM MASS OF F I L L CALCULATED ALONG PROFILE NO. 3 .
DEPTH GROUP A 1 4 33 5 39 METRIC TONS
DEPTH GROUP 3 1129618 METRIC TONS
DEPTH GROUP C 5635 38 6 METRIC TONS
TOTAL MASS 8 2 4 3 5 4 3  METRIC TONS
DISTANCE UPRIVER = 7 . 0 4 PROFILE SEGMENT NO. 4
DEPTH DEPTH ERROR 0EPTH MEASURE0 MINIMUM
CROUP CHANGE TERM -ERROR F I L L F I L L
( F T ) ( F T ) ( F T ) CMTONS) ( MTONS)
A l o • *> o • o i !© • \° - 8 1 4 0 2 - 8 1 4 0 1
A 1 . 8 0 . 0 1 . 3 1 38 48 7 1 3 84 3 5
A 1 . 2 0 .0 1 . 2 84 69 5 8 4694
B - 2 . 2 0 . 0 - 2 . 2 - 1 8 8 6 5 7 - 1 8 8 6 5 4
0 - 3 . 1 0 . 0 - 3 . 1 - 3 1 5 0 5 4 - 3 1 5 0 5 0
S - 6 . 7 0 . 0 - 6 . 7 - 8 3 1 9 2 7 - 8 3 1 9 1 6
C i . 8 3 . 5 0 .0 82037 0
c 8 . 2 3 . 5 4 . 7 6 4 0 0 5 4 3 6 68 55
c 1 2 . 8 3 . 5 9 . 3 1106396 8 0 3 8 5 5
c 1 2 . 9 3 . 5 9 . 4 1069233 779 120
c 1 2 . 2 3 . 5 8 . T 9 9 8 9 5 5 7 1 2 3 6 0
c 1 2 . 8 3 .5 9 . 3 1 060944 7 7 0 8 3 2
c 1 4 . 0 3 . 5 10 .5 1229942 9 2 2 4 4 4
c 1 5 . 0 3 . 5 1 1 . 5 1356554 10400 1 1
c 1 5 . 0 3 . 5 1 1 . 5 1356 55 4 1040011
c 1 6 . 8 3 . 5 1 3 . 3 1 606593 127 186 9
c 1 6 . 8 3 . 5 1 3 . 3 1606 59 3 1 271 86 9
c 1 5 . 8 3 . 5 12 .3 1 502426 1 16 95 9 4
c 1 2 . 8 3 . 5 9 . 3 1 102808 8 0 12 48
c 7. 8 3 . 5 4 . 3 5 9 8 7 12 3 30055
c 3.  1 3 . 5 0 . 0 1 8 7 7 7 0 0
c 2 . 0 3 . 5 0 . 0 98702 0
c 3 . 0 3 . 5 0 . 0 1814 85 0
c 8.  1 3 . 5 4 . 6 6 40451 3 6 37 06
c 1 4 . 5 3 . 5 1 1 . 0 1 458349 1106 31 9
c 1 5 . 8 3 . 5 1 2 . 3 1626053 1265635
c 1 2 . 7 3 . 5 9 . 2 1 721 57 7 1 2 4 7 1 1 0
c 8 . 6 3 . 5 5 . 1 1116 66 3 6 6 2 2 10
c 7 . 0 3 . 5 3 . 5 3 67 92 9 4 3 3 9 5 9
c 5 . 4 3 . 5 1 . 9 6 2 4 9 0 3 2 1 9 6 7 0
c 4 . 8 3 . 5 1 . 3 5 4 9 9 2 9 1 48937
8 4 . 8 0 . 0 4 . 8 5 97 27 0 5 9 7 2 6 2
a 5 . 8 0 . 0 5 . 8 7 0 7 9 2 9 7 0 79 1 9
8 3 . 2 0 .0 3 . 2 3 4 5 4 7 3 345468
B 2 . 8 0 . 0 2 . 8 2 9 0 5 1 6 2 9 0 5 1 2
8 5 . 0 0 . 0 5 . 0 6 2 0 0 5 4 6 2 0 0 4 6
B 3 . 2 0 . 0 3 . 2 3 5 21 0 2 3 5 20 97
8 2 . 0 0 . 0 2 .0 173 071 1 7 3 0 6 9
B 2 . 6 0 . 0 2 . 6 2 7 3 4 5 6 2 7 3 4 5 3
8 3 . 0 0 . 0 3 . 0 3 1 8 0 3 4 3 1 30 3 0
8 1 . 2 0 . 0 1 . 2 92754 92753
3 0 . 0 0 . 0 0 . 0 0 0
8 0 . 6 0 . 0 0 . 6 40203 40203
8 0 . 0 0 . 0 0 . 0 0 0
A 2 . 0 0 . 0 2 . 0 1 8 8 5 5 6 1 8 85 54
A 3 . 6 0 . 0 3 . 6 4 6 2 3 0 1 4 622 95
..... A.___ ._!• 7 , 0 * 0 ____ 1 . 7 1 4 64 04
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PROFILE SEGMENT NO. 4 ( CONTI NUED)
DEPTH DEPTH ERROR DEPTH MEASUREO MINIMUM
GROUP CHANGE 
(FT )
TERM
( F T )
-ERROR
( F T )
F I L L  
( M TONS)
F I L L  
CM TONS)
A 2 . 8 0 .0 2 . 8 2 9 05 0 74 2905035
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO. 4
DEPTH
DEPTH
GROUP
GROUP
A
8
4 086 00 9
2 475 22 6
METRIC
METRIC
TONS
TONS
DEPTH GROUP C 2 AJ9 1630 METRIC TONS
TOTAL 
MINIMUM MASS OF
MASS
F I L L
3 0 9 5 2 86 5  METRIC TONS 
CALCULATED ALONG PROFILE NO. 4
OEP TH GROUP A 4035955 METRIC TONS
OEPTM
DEPTH
GROUP
GROUP
B
C
2475 19 3
1 6 * 2 8 0 7 2
METRIC
METRIC
TONS
TONS
TOTAL MASS 2 3 2 8 9 2 1 9  METRIC TONS
DISTANCE UPRIVER = 1 0 . 3 5 PROFILE SEGMENT NO.  5
DEPTH DEPTH ERROR DEPTH MEASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
C FT J CFT > ( F T ) ( M TONS) ( M TONS)
A I ui • o
o»o - 5 . 0 - 1 3 0 8 1 5 3 - 1 3 0 8 1 3 6
B - 5 . 0 0 . 0 - 5 . 0 - 1 4  8 8 5 8 8 - 1 4 8 3 5 6 9
B - 5 . 0 0 . 0 - 5 . 0 - 8 1 6 1 6 2 - 8 1 6 1 5 1
C - 5 . 0 3 . 5 - 8 . 5 - 3 7 4 0 5 8 - 6 3 5 8 9 1
C - 5 . 0 3 . 5 - 8  . 5 - 3 7 2 1 4 7 - 6 3 2 6 4 2
C - 5 . 0 3 . 5 - 8 . 5 - 3  6 8 1 3  3 - 6 2 5 6 1 6
C - 5 . 0 3 . 5 - 8  . 5 - 3 5 2 2 6 9 - 5 9 8 8 4 9
C - 5 . 0 3 . 5 - 8  . 5 - 3 5 3 6 0 7 - 6 0 1  123
C 6 . 0 3 . 5 2 . 5 4 2 9 5 7 8 17 3 98 8
C 3 . 0 3 . 5 0 . 0 1 7 8 5 8 0 0
C 1 . 7 3 . 5 0 . 0 7 1 9 7 4 0
C 2 . 0 3 . 5 0 . 0 9 5 8 0 6 0
C 2 . 5 3 . 5 0 . 0 1 3 6 0 5 7 0
C 3 . 0 3 . 5 0 . 0 1 7 0 9 2 9 0
c 4 . 0 3 . 5 0 . 5 2 7 7 4 1 4 3 4 6 7 6
c 4 . 0 3 . 5 0 . 5 2 6 6 9 6 0 3 3 3 7 0
c 4 . 0 3 . 5 0 . 5 2 5 0 9 1 0 3 1363
c 3 . 0 3 . 5 0 . 0 1 6 8 2 1 7 0
c 3 . 0 3 . 5 0 . 0 1 7 6 5 4 6 0
c 3 . 5 3 . 5 0 . 0 1 9 9 5 5 7 0
c 4 . 0 3 . 5 0 . 5 2 5 1 6 4 6 3 1 4 5 5
c 4 . 3 3 . 5 0 . 3 2 7 4 5 1 5 5 1 0 7 2
c 4 . 8 3 . 5 1 . 3 3 0 1 4 7 9 8 1650
c 5 . 0 3 . 5 1 . 5 2 8 5 1 7 9 8 5 5 5 3
c 5 . 5 3 . 5 2 . 0 3 6 8 2 7 2 1 3 3 9 1 5
c 6 . 0 3 . 5 2 .5 3 7 7 2 4 8 157  185
c 7 . 0 3 . 5 3 . 5 4 7 4 2 1 5 2 3 7 1 0 4
c 8 . 0 3 . 5 4 . 5 1 0 9 46 61 6 1 5 7 3 9
c 8 . 0 3 . 5 4 . 5 1 0 7 5 2 1 6 6 0 4 8 0 1
c 1 0 . 0 3 . 5 6 . 5 1 3 9 8 3 7 1 9 0 8 9 2 9
B 7 . 5 0 . 0 7 . 5 9 5 0 9 3 6 9 5 0 9 2 4
3 4 . 0 0 . 0 4 . 0 4 3 7 7 6 7 4 3 7 7 6 1
8 3 . 2 0 . 0 3 . 2 3 2 6 9 7 5 3 2 6 9 7 1
B 3 . 0 0 . 0 3 . 0 2 7 8  425 2 7 8 4 2 2
8 2 . 0 0 . 0 2 . 0 1 5 3 5 8 4 1 5 3 5 8 2
A 2 . 0 0 . 0 2 . 0 7 9 0 04 7 9 0 0 3
A 1 . 9 0 . 0 1 . 9 4 2 4 466 42 4 46 0
A 4 . 8 0 . 0 4 . 8 8 4 5 9 0 4 8 4 5 8 9 2
A 1 . 7 0 . 0 1 . 7 4 3 4 4 6 7 48 4 46 1
A 2 . 0 0 . 0 2 . 0 2 8162  3 2 3 1 6 1 9
A 2 . 5 0 . 0 2 . 5 3 5 8 8 4 2 3 5 8 8 3 8
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TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO* 5
DEPT* GROUP A 1166152 METRIC TONS
DEPTH GROUP B - 1 5 7 0 6 3  METRIC TONS
DEPT*GROUP C 6 50 31 1 6  METRIC TONS
TOTAL MASS 7 512 20 5  METRIC TONS
MINIMUM MASS OF F I L L  • CALCULATED ALONG PROFILE NO. 5
DEPTH GROUP 
DEPTH GROUP
A 1166137 METRIC 
8 - 1 5 7 0 6 1  METRIC
TONS'
TONS
DEPTH GROUP C 91477  METRIC TONS
TOTAL MASS 1 1 0 0 5 5 3  METRIC TONS
DISTANCE UPRIVER = 1 2 . 2 2 PROFILE SEGMENT NO.  V 11
DEPTH DEPTH_______ERROR DEPTH MEASURED______  MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
C FT ) CFT) TFT) CMTONS) CMTONS)
A - 1 . 0
o»© l h- • © 0 0
A - 2 . 2 0 . 0 - 2 . 2 - 1 9 4 6 3 9 - 1 9 4 6 3 6
A - 0 . 5 0 . 0 - 0 . 5 - 3 2 0 8 6 - 3 2 0 8 5
A 3 . 0 0 . 0 3 . 0 2 3 7 7 5 1 2 3 7 7 4 6
A 4 . 0 0 . 0 4 . 0 3 4 5 8 8 5 3 4 5 8 8 0
3 2 . 0 0 . 0 2 . 0 1 2 2 7 7 2 1 2 2 7 7 1
8 2 . 0 0 . 0 2 . 0 1 2 2 2 4 6 1 2 2 2 4 4
8 - 0 . 5 0 . 0 - 0 . 5 - 1 9 4 0 3 -  1 9 4 0 2
8 - 2 . 0 0 . 0 - 2 . 0 - 7 3 2 6 3 - 7 3 2 6 2
8 - 3 . 0 0 . 0 - 3 . 0 - 1 3 3 6 4 4 - 1 3 3 6 4 2
B 0 . 0 0 . 0 0 . 0 0 0
C 5 . 5 3 . 5 2 . 0 2 8 9 9 6 6 1 0 5 4 4 1
C 6 . 0 3 . 5 2 . 5 3 1 7307 1 3 2 2 1 0
c 5 . 0 3 . 5 1 . 5 2 4 9 8 1 8 7 4V 44
c 2 . 5 3 . 5 0 . 0 9 7 4 0 4 0
c 2 . 5 3 . 5 0 . 0 9 8 5 3 2 0
c 3 . 0 3 . 5 0 . 0 1 2 6 4 ^ 3 0
c 3 . 5 3 . 5 0 . 0 1 6 7 6 1 8 0
c 3 . 0 3 . 5 0 . 0 1 2 3 1 8 5 0
c 2 . 0 3 . 5 0 . 0 1 1 6 6 0 3 0
c 4 .  0 3 . 5 0 . 5 1 8 9 3 6 0 2 3 670
c 4 . 5 3 . 5 1 . 0 2 1 0 4 9 0 4 6 7 7 5
c 6 . 0 3 . 5 2 . 5 2 9 2 3 3 2 1 2 1 8 0 3
c 6 . 0 3 . 5 2 . 5 3 0 4 7 0 1 1 2 6 9 5 7
c 5 . 0 3 . 5 1 . 5 2 4 0 6 4 4 72 192
c 4 . 5 3 . 5 1 . 0 2 1 0 1 5 1 4 67 00
c 3 . 8 3 . 5 0 . 3 1 6 6 7 2 2 1 3 1 6 2
c 4 . 0 3 . 5 0 . 5 164  328 2 0 5 4  1
c 5 . 0 T 1 . 5 2 2 8 4 1 1 68 522
c 6 . 0 3 . 5 2 . 5 6 3 3 9 0 1 2 6 4 1 2 2
c 7 . 0 3 . 5 3 . 5 7 4 5 7 6 1 3 7 2 3 7 6
c 5 . 5 3 . 5 2 . 0 5 88 254 2 1 3 9 0 6
8 7 . 2 0 . 0 7 . 2 7 7 1 2 5 8 7 7 1 2 4 8
8 7 . 7 0 . 0 7 . 7 8 2 0 9 9 4 8 2 0 9 8 3
A 1 0 . 0 _ 0 . 0 1 0 . 0 1 1 4 5 1 1 9 1 1 4 5 1 0 4
A 4 . 0 0 . 0 4 . 0 1 5 4 9 9 2 3 1 5 4 9 9 0 8
-
147.
t o t a l  m e a s u r e d  m a s s  of  f i l l  a l o n g  p r o f i l e  no V I I
_DEPTH GROUP A 3051958 METRIC TONS__________
DEPTH GROUP B 1610960 METRIC TONS
____________DEPTH GROUP C 5562021 METRIC TONS ________
_____ TOTAL MASS 1 0224939  METRIC TONS__________
MINIMUM MASS OF F I L L  CALCULATED ALONG PROFILE NO. V I I
DEPTH GROUP A 3051918 METRIC TONS
JlfPTH GROUP B 1610939 METRIC TONS
DEPTH GROUP C 1703822 METRIC TONS
TOTAL MASS 6 366678  METRIC TONS
148.
0 I  STANCE UPRIVER = 1 4 . 2 7 PROFILE SEGMEN T NO. 6
DEPTH DEPTH ERROR DEPTH MEASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
C FT ) C FT ) C F T ) ( M TONS) CM TONS)
A
*
o • © I
©*o 0 . 0 0 0
A 0 . 0 0 . 0 0 . 0 0 0
A 2 . 0 0 . 0 2 . 0 1 139 24 1 1 3 9 2 2
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 0 0 . 0 0 . 0 0 0
3 - 1 . 7 0 . 0 - 1 . 7 - 1 1 5 6 3 4 - 1 1 5 6 3 2
3 0 . 5 0 . 0 0 . 5 24 27 9 2 4 2 7 9
8 2 . 0 0 . 0 2 . 0 1 5 2 2 6 7 1 5 2 2 6 5
B 2 . 3 0 . 0 2 . 3 1 8 0 8 5 9 1 8 0 8 5 7
8 5 . 0 0 . 0 5 . 0 5 2 9 0 7 2 5 2 9 0 6 5
3 4 . 2 0 . 0 4 . 2 4 2 5 6 4 4 4 2 5 6 3 8
C A . 2 3 . 5 0 . 7 4 2 4 3 9 7 70 732
C 5 . 0 3 . 5 1 . 5 5 2 3 3 3 8 156 999
C 4 . 2 3 . 5 0 . 7 4 1567 3 6 9 2 7 8
c 7 . 5 3 . 5 4 . 0 3 5547  2 4 5 6 2 4 6
c 1 0 . 0 3 . 5 6 . 5 7 2 8 5 9 2 47 357 9
c 1 3 . 0 3 . 5 9 . 5 1 0 2 8 4 4 4 7 5 1 5 4 5
c 1 3 . 0 3 . 5 9 . 5 1 0 1 6 8 3 3 7 4 3 0 6 0
c 8 . 0 3 . 5 4 . 5 5 8 0 6 9 0 3 2 6 6 3 4
c 1 . 8 3 . 5 0 . 0 7 4 7 20 0
c - 1 . 0 3 . 5 - 4 . 5 - 3 4 5 9 9 - 1 5 5 6 9 2
c - 1 . 5 3 . 5 - 5 . 0 - 5 6 5 9 8 - 1 8 3  65 8
c 0 . 0 3 . 5 0 . 0 0 0
c - 4 . 0 3 . 5 - 7 . 5 - 2 3 9 5 7 2 - 4 4 9 1 9 1
c 4 . 2 3 . 5 0 . 7 2 5 3 0 1 8 42 169
c 9 . 0 3 . 5 5 . 5 6 0 5 0 7 9 3 6 9 7 6 6
c 6 . 5 3 . 5 3 . 0 3 97072 1 3 3 2 6 1
c 5 . 5 3 . 5 2 . 0 6 8 8  110 2 5 0 2 1 8
c 5 . 0 3 . 5 1 . 5 5 7 2 8 4 3 1 7 1 8 5 1
c 4 . 3 3 . 5 0 . 3 4 6 6 8 82 S 666 1
c 4 . 0 3 . 5 0 . 5 4 2 7 9 0 2 5 3 4 8 7
c 4 . 3 3 . 5 0 . 3 4 5 5 3 9 8 3 4 7 2 4
c 4 . 5 3 . 5 1 . 0 4 8 6 0 5 8 1 0 3 0 1 1
c 4 . 0 3 . 5 0 . 5 4 1 2 2 9 3 5 1 5 3 6
c 0 . 0 3 . 5 0 . 0 0 0
c - 0 . 2 3 . 5 - 3 . 7 - 7 4 9 7 - 1 3 8 7 0 0
8 5 . 0 0 . 0 5 . 0 5 0 7 0 9 1 5 0 7 0 8 4
3 5 . 7 0 . 0 5 . 7 5 8 2 4 6 6 5 8 24 56
A 3 . 9 0 . 0 3 . 9 1 4 7 5 6 3 3 1 4 7 5 6 1 3
•
149.
TOTAL MEASURED MASS OF F I L L  ALOMG PROFILE NO. b
_DEPTH GROUP A 1 5 3 9 5 5 ^  METRIC TONS
DEPTH GROUP B 2 2 3 6 0  44 METRIC TONS
DEPTH GROUP C 1 OPT 45 48 METRIC TONS
_____ TOTAL MASS 1 3 9 5 0 1 4 9  METRIC TONS
MINIHUM MASS OF F I L L  CALCULATED ALONG PROFILE NO.
DEPTH GROUP A 1589536 METRIC TONS
DEPTH GROUP___B______2286014 METRIC TONS
DEPTH GROUP C 3517716 METRIC TONS
T o t a l  mass “ 7393265  m e t r i c  t ons
150.
DISTANCE UPRIVER = 1 6 . 7 3 PROFILE SEGMENT NO.  V I
DEPTH DEPTH ERROR QEPTH MEASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
( FT ) ( F T ) CFT) CMT0NS) CMTQNS)
A o • o o • o o•o 0 0
A - 3 . 0 0 . 0 - 3 . 0 - 3 1 0 6 7 4 - 3 1 0 6 7 0
A 1 . 9 0 .0 1 . 9 1 8 2 3 8 9 182 68 7
A 0 . 0 0 . 0 0 . 0 0 0
3 0 . 6 0 . 0 0 . 6 34252 3 4 2 5 2
A 5 . 0 0 .0 5 . 0 3 3 5 8 3 1 3 3 58 2 b
A 2 . 1 0 .0 2 . 1 37565 5 7 5 6 2
A 2 . 3 0 . 0 2 . 3 1 4 0 3 6 7 14 0 36 6
A 2 . 2 0 . 0 2 . 2 1 91013 1 910 11
3 0 . 0 0 . 0 0 . 0 0 0
3 1 . 0 0 . 0 1 . 0 28 340 2 3 3 3 9
C - 2 . 0 3 . 5 - 5 . 5 - 1 1 8 9 8 0 - 3 2 7 1 9 1
c - 0 . 5 3 . 5 - 4 . 0 - 3 1 7 8 8 - 2 5 4 3 0 5
c 1 . 4 3 . 5 0 . 0 1 1 9 9 4 6 0
c 3 . 0 3 . 5 0 . 0 3 5 28 9 3 <*>
c 2 . 3 3 . 5 0 . 0 1 9 98 80 0
c 1 . 5 3 . 5 0 . 0 1 0 59 87 0
c 1 . 6 3 . 5 0 . 0 1 1 11 60 0
c 2 . 0 3 .5 0 . 0 1 5 57 96 0
c 1 . 8 3 . 5 0 . 0 1 2 99 7 3 0
c 2 . 5 3 . 5 0 . 0 2 15939 0
c 2 . 4 3 .5 0 . 0 2 0 7 0 5 8 0
c 2 . 0 0 . 0 1 5 4 3 2 1 0
c 2 . 5 3 . 5 0 . 0 2 1 2 5 5 2 0
c 1 .0 3 . 5 0 . 0 58933 0
c 0 . 0 3 . 5 0 . 0 0 0
3 1 . 5 0 . 0 1 . 5 99509 99507
8 2 . 0 0 . 0 2 . 0 1 5 2 2 1 4 1 5 2 2 1 2
a 0 . 9 0 . 0 0 . 9 5 1235 5 1 2 3 5
c 1 . 0 3 . 5 0 . 0 53432 0
c 1 . 5 3 . 5 0 . 0 93359 0
c 2 . 0 3 .5 0 . 0 1 4 99 50 0
c - 2 . 5 3 . 5 - 6  . 0 - 1 2 3 7 6 2 - 2 9 7 0 2 4
c 0 . 0 3 . 5 0 . 0 0 0
c 4 . 0 3 . 5 0 . 5 2 4 97 3 2 3 1 2 1 6
c 3 . 5 3 . 5 0 .0 2 015 07 0
c 2 . 0 3 . 5 0 . 0 1 5 3 8 8 5 0
c 1 . 5 3 .5 0 . 0 55832 0
c 1 . 0 3 . 5 0 . 0 31948 0
c 1.0 3 . 5 0 . 0 33783 0
c 2 . 5 3 . 5 0 .0 1 21627 0
c 6 . 0 3 . 5 2 . 5 3 8 5 0 9 8 1604 55
c / . o 3 . 5 3 . 5 4263 11 213 153
c 6 . 0 3 . 5 2 . 5 3 89 379 1 6 22 3 9
c 5 . 8 3 . 5 2 . 3 3 6 0 0 1 4 1 4 27 6 2
c 9 . 0 3 . 5 5 . 5 6 5 3 5 0 1 3 9 9356
c ...... .6 .0  . 2 * ^ 3 3 1 2 9 2 15 8 8 7 0
PROFILE SEGMENT NO. V I  ( CONTI NUED)
DEPTH DEPTH ERROR DEPTH MEASURED MINIMUM
GROUP CHANGE TERN -ERROR F I L L F I L L
< FT) I  FT) ( F T ) C H TONS) CMTONS)
C 4 . 0 3 . 5 0 . 5 5 0 2 1 1 4 6 27 65
C 5 . 0 3 .5 1 . 5 5 8 77 52 176323
C 4 . 0 3 . 5 0 . 5 4 34 38 0 5 4297
c 2 . 8 3 . 5 0 . 0 26 3 47 9 0
3 1 .8 0 . 0 1 . 8 1325 00 1 3 2 4 9 9
8 1 0 . 7 0 . 0 1 0 . 7 1442397 1442578
B 2 . 0 0 . 0 2 . 0 1 5 75 87 1 57585
B 4 . 3 0 . 0 4 . 3 468  153 463 152
8 4 . 0 0 .0 4 .0 4 39 53 4 4 39 52 8
3 0 . 7 0 . 0 0 . 7 38433 3 843 3
B 3 . 0 0 . 0 3 . 0 2 85 59 2 2 35 53 8
8 0 . 7 0 . 0 0 . 7 37957 37 95 6
A 1 . 7 0 . 0 1 . 7 118416 11 84 15
A 0 . 4 0 . 0 0 . 4 1927? 19272
A 1 . 0 0 . 0 1 . 0 1 1017 7 1 10 17 6
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO. VI
OEPTM
DEPTH
GROUP
GROUP
A 8 7 43 5 5  METRIC TONS 
8 33677Q9 METRIC TONS
DEPTH GROUP C 7807 33 7  METRIC TONS
TOTAL 
MINIMUM MASS OF
MASS
F I L L
1 204 99 00  METRIC TONS 
CALCULATED ALONG PROFILE NO. VI
DEPTH GROUP A 87 48 43  METRIC TONS
DEPTH
DEPTH
GROUP
GROUP
8 3367 66 4  METRIC TONS 
C 9743 49  METRIC TONS
TOTAL MASS 52 17 3 56  METRIC TONS
152.
DISTANCE UPRIVER = 1 9 . 3 9 PROFILE SEGMENT NO. RR97
DEPTH DEPTH ERROR DEPTH M£ASUREO MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
( F T ) ( F T ) ( F T ) C MI DNS) ( M T 0 N S )
A 2 . 2 o • o 2 . 2 1 383 20 0 1 38 31 8 2
3 0 . 0 0 . 0 0 . 0 0 0
3 0 . 8 0 . 0 0 . 3 5 9 * 9 7 5 9 4 9 6
C - 2 . 5 3 . 5 - 6  . 0 - 6 1 6 2 3 1 - 1 4 7 8 9 3 5
C - 1 . 0 3 . 5 - 4 . 5 - 2 0 2 0 4 6 - 9 0 9 1 9 7
C - 3 . 0 3 . 5 -6 . 5 - 2 4  3077 - 5 2  6 661 -
C - 5 . 0 3 . 5 - 8 . 5 - 4 7 9 7 5 3 - 8 1 5 5 7 6
c - 6 . 0 3 . 5 - 9 . 5 - 5 3 2 7 1 2 - 1 0 0 1 7 8 0
c - 5 . 0 3 . 5 - 8 . 5 - 4 6 8 2 9 0 - 7  y 6082
c - 2 . 5 3 . 5 - 6 . 0 -1 97 312 - 4 7 3 5 4 2
c 0 . 0 3 .5 0 . 0 0 0
c 5 . 5 3 . 5 2 . 0 5 3 9 8 2 0 196295
c 7.0 3 . 5 3 . 5 7 6 5 3 1 9 3 6 26 55
c 1 0 . 0 3 .5 6 . 5 1176282 7 64 57 3
c 9 . 0 3 . 5 5 . 5 1049785 64 1527
c 9 . 0 3 . 5 5 . 5 1014921 6 2 0 2 2 1
c 1 1 . 0 3 . 5 7 . 5 12 13391 8 273 01
c 1 2 . 0 3 . 5 8 . 5 1 332160 9 4 3 601
c 1 3 . 0 3 . 5 9 . 5 1515472 110 7 4 4 6
c 1 2 . 0 3 . 5 8 . 5 1 36 51 8 9 9 6 6 9 9 6
c 9 . 0 3 . 5 5 . 5 2 3 3 5 4 8 0 7 1 4 27 2 19 2
8 2 . 2 0 . 0 2 .2 3666 176 3 666 12 7
3 _ 2 . 0 0 . 0 2 . 0 3390852 3 390807
3 1 . 8 0 . 0 1 . 8 2 935 1 41 2935 102
3 - 0 .  4 0 . 0 - 0 . 4 - 4 2 2 4 3 2 - 4 2 2 4 2 6
3 - 0 . 3 0 .0 - 0 . 3 - 3 1 0 3 0 4 - 3 1 0 3 0 0
A - 2 . 0 0 . 0 - 2  .0 - 5 2 6 0 0 8 7 - 5 2 6 0 0 1 6
A - 2 . 5 0 . 0 - 2 . 5 - 3 1 6 5 8 2 3 - 3 1 6 5 7 8 1
A - 1 . 5 0 .0 - 1 . 5 - 5 2 5 5 8 1 - 5 2 5 5 7 4
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO. RR97
DEPTH GROUP A - 7 5 6 8 2 9 0  METRIC TONS
DEPTH JLRJ1.UP 8 9318 93 0  METRIC TONS
DEPTH GROUP C 3 048 77 20  METRIC TONS
TOTAL MASS 3 2 2 3 3 3 6 0  METRIC TONS
MINIMUM MASS DF__EI_LL. CALCULATED ALONG PROFILE NO. RR97
DEPTH GROUP A - 7 5 6 3 1 8 9  METRIC TONS
OEPTH GROUP 8 9318806 METRIC TONS
DEPTH GROUP C 1 472 10 32 METRIC TONS
TOTAL MASS 1 6471649 METRIC TONS
153.
DISTANCE UPRIVER = 2 3 . 7 2 PROFILE SEGMENT NQ. RR96
DEPTH DEPTH ERROR CEPTH MEASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
( F T ) ( F T ) ( FT) (MT0NS) (MT3NS)
A O.A o•o 0 . 4 65531 65530
A 2 . 3 0 . 0 2 . 8 5 32017 5 3 20 10
B 4 . 7 0 . 0 4 . 7 3 4 59 79 345974
C 4 . 0 3 . 5 0 . 5 315110 39388
C 7 . 0 3 . 5 3 . 5 5 49896 27 4944
C 6 . 0 3 . 5 2 . 5 494752 2 0 61 44
C 5 . 4 3 . 5 1 . 9 4 44115 156260
c 5 . 0 3 . 5 1 . 5 3 86 100 115829
c 4 . 5 3 . 5 1 . 0 3 50816 77959
c 4 . 0 3 . 5 0 . 5 3 13637 39204
c 3 . 8 3 . 5 0 . 3 2 81514 22224
c 3 . 0 3 . 5 0 . 0 215961 0
c 2 . 8 3 . 5 0 . 0 1 35770 0
c 2 . 0 3 . 5 0 . 0 115346 0
c 2 . 0 3 . 5 0 . 0 114319 0
c 1 .8 3 . 5 0 . 0 99774 0
c 1 . 6 3 . 5 0 . 0 95892 c
c 2 . 0 3 . 5 0 . 0 124300 0
c 2 . 6 3 . 5 0 . 0 176714 0
c 4 . 0 3 . 5 0 . 5 351922 4 3 990
c 4 . 0 3 . 5 0 . 5 348977 43622
c 5 . 5 3 . 5 2 .0 4 80077 17457 1
c 6 . 3 3 . 5 2 . 8 518785 275012
c 6 . 0 3 . 5 2 . 5 556596 2 31912
c 6 . 5 3 . 5 3 . 0 5 43619 2 97051
c 7 . 0 3 . 5 3 . 5 660442 330217
c 3 . 0 3 . 5 0 . 0 238235 0
c 2 . 0 3 . 5 0 . 0 3887 00 0
c 0 . 0 3 . 5 0 . 0 0 0
c - 3 . 3 3 . 5 - 6 . 8 - 2 ^ 9 2 1 5 - 5 ^ 5 2 4 5
c - 6 . 0 3 . 5 - 9 . 5 - 1 7 2 4 4 9 6 - 2 7 3 0 4 1 6
3 -  4.  8 0 . 0 - 4 . 8 - 1 3 9 2 7 1 3 - 1 3 9 2 6 9 5
8 0 . 9 0 . 0 0 . 9 4 35465 4 25459
3 1 .0 0 . 0 1 . 0 2 78293 27 82 94
A - 0 . 7 0 . 0 - 0 . 7 -1 97772 - 1 9 7 7 6 9
154.
TOTAL MEASURED MASS Of F I L L  ALONG PROFILE NO RR9 6
_____________OE? T H GROUP A______ 399 7 76  METRIC TONS __________
DEPTH GROUP 8 “ 2 3 2 9 7 2  METRIC TONS
_____________DEPTH GROUP C_______ 6 5 5 0 1 5 8  METRIC TONS_________ _
_____________TOTAL MASS 6 6 1 6 9 6 2  METRIC TONS___________
. MINIMUM MASS OF F I L L  CALCULATED ALONG PROFILE NO.  RR96
DEPTH GROUP A 3 9 9 7 7 1  METRI C TONS
DEPTH GROUP 8______ “ 3 3 2 9 6 7  METRIC TONS
DEPTH GROUP C - 9 7 7 4 3 5  METRIC TONS
TOTAL MASS “ 910632 METRIC TONS
155.
DISTANCE UPRIVER = 2 9 , 5 0 PROFILE SEGMENT NO, R395
DEPTH DEPTH ERROR DEPTH MEASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
( F T ) (FT > ( F T ) ( M TONS) ( M T 0 N S )
A 2 . 5 o•
°
2 . 5 9 2 2 9 4 8 9 2 2 9 3 6
A - 5 . 0 0 . 0 - 5 . 0 - 1 7 4 8 5 3 7 - 1 7 4 3 5 1 4
8 - 7 . 0 0 . 0 - 7 . 0 - 2 5 7 4 5 9 1 - 2 5 7 4 5 5 7
6 - 5 . 0 0 . 0 - 5 . 0 - 1 3 6 9 1 4 6 - 1 8 6 9 1 2 1
8 - 3 . 2 0 . 0 - 3 . 2 - 1 0 8 1 7 5 4 - 1 0 8 1 7 4 0
8 - 0 . 3 0 . 0 - 0 . 3 - 4 5 3 5 2 - 4  5 85 2
C 8 . 0 3 . 5 4 . 5 1 3 7 9 6 4 2 7 7 6 0 3 8
C 1 . 3 3 . 5 0 . 0 11257  4 0
C - 4 . 0 3 . 5 - 7 . 5 - 5 6 9 9 9 5 - 1 0 6 3 7 2 7
c 8 . 0 3 . 5 4 . 5 1 34 9132 7 5 6 8 7 7
c 1 7 . 0 3 . 5 1 3 . 5 3 4 2 8 6 6 5 2722727
c 1 6 . 0 3 . 5 1 2 . 5 3 1 2 2 72 3 2 4 3 9 5 9 6
c 1 3 . 0 3 . 5 9 . 5 2 3 7 9 5 3 6 17 3 8 869
c 9 . 0 3 . 5 5 . 5 1 5 7 H 9 1 960 159
c 6 . 0 3 . 5 2 .5 9 6 4 7 6 6 4 0 1 9 8 1
c 3 . 0 3 . 5 0 . 0 3 76625 0
c 2 . 5 3 . 5 0 . 0 2 8 6 6 1 7 0
c 2 . 0 3 . 5 0 . 0 2 0 8 6 2 3 0
c 2 . 5 3 . 5 0 . 0  . 2 9 1 6 2 4 0
c 3 . 5 3 . 5 0 . 0 4 85178 0
c 4 . 6 3 . 5 1 . 1 6 8 9 5 0 5 1 6 4 87 9
c 5 . 6 3 . 5 2 . 1 3 5 2 5 7 2 3 1 9 7 1 0
c 5 . 0 3 . 5 1 . 5 7 4 4 67 5 2 2 3 4 0 0
c 4 . 6 3 . 5 1 . 1 6 7 6 5 1 2 1 61 7 72
c 4 . 6 3 . 5 1 . 1 6 3 9 8 5 2 1 6 4 9 6 2
c 4.  6 3 . 5 1 . 1 6 8 1 8 8 2 1 6 3 0 5 7
c 4 . 5 3 . 5 1 . 0 7 08 919 1 5 7 5 3 6
c 4 . 0 3 . 5 0 . 5 6 0 7 8 3 8 7 5 979
c 3 . 5 3 . 5 0 . 0 4 8 7 9 8 2 0
3 3 . 6 0 . 0 3 • b 3 5 6 3 0 1 856 29 0
B 2 . 6 0 . 0 2 . 6 5 0 2 8 9 8 5 0 2 3 9 1
3 2 . 2 0 . 0 2 . 2 3 7 8 70 3 3 7 8 6 9 8
3 2 . 0 0 . 0 2 . 0 327  182 3 2 7 1 7 8
B 1 . 2 0 . 0 1 . 2 1 5 8 5 8 5 158 5 83
3 2 . 0 0 . 0 2 . 0 3 2 2 2 3 1 3 2 2 2 2 7
3 0 . 3 0 . 0 0 . 3 27 937 27 937
B 0 . 0 0 . 0 0 . 0 0 0
B 2 . 2 0 . 0 2 . 2 3 7 5 3 8 0 37 5 3 7 5
3 1 . 5 0 . 0 1 . 5 2 0 1 1 0 7 2 0 1 1 0 4
A 2 . 0 0 . 0 2 .0 3 7 0 2 6 5 3 7 0 2 6 0
A 2 . 0 0 . 0 2 . 0 3 2 6 3 3 9 32 6 3 3 5
A 2 . 0 0 . 0 2 . 0 4 3 1 4 5 0 4 8 1 4 4 4
A 1 . 5 0 . 0 1 . 5 3 18378 3 1 8 3 7 4
A 1 . 2 0 . 0 1 . 2 2 15467 2 1 5 4 6 4
A 1 . 6 0 . 0 1 . 6 3 3 7 2 1 6 3 6 7 21 1
A 0 . 6 .
o•o 0 . 6 2 6 0 4 2 3 2 6 0 419
156.
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO RR 95
DEPTH GROUP A_____ 1 5 3 3 9 5 0  METRIC TONS
DEPTH GROUP B - 2 4 2  1020 METRIC TONS
OEPTR GROUP C 2 1 5 2 6 6 4 5  METRIC TONS
____________ TOTAL MASS_________ 2 0 6 3 9 5 7 5  METRIC TONS____________
MINIMUM MASS OF F I L L  CALCULATED ALONG PROFILE NO. RR95
DEP T H GROUP A 1 5 3 3 9 3 0  M E T R I C  TONS
DEP TH GROUP B - 2 4 2 0 9 3 7  M E T R I C  TONS
DEPTH GROUP C 1 0 1 6 0 3 1 7  M E T R I C  TONS
TOTAL MASS 9 2 7 3 7 6 0  M E T R I C  TONS
157.
DISTANCE UPRIVER = 3 5 . 0 4 PROFILE SEGMENT NO. RR94
D E P T H D E P T H ERROR D E P T H ME ASUREO M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
( F T ) ( F T ) ( F T ) C M I O N S ) (  M F ON S )  _
A 1 . 8 0 . 0 1 . 8 7 2 9 4 6 2 7 2 9 4 5 2
A 1 . 5 0 . 0 1 . 5 1 5 5 7 5 9 1 5 5 7 5 6
A 0 . 0 0 . 0 0 . 0 0 0
A 1 . 0 0 . 0 1 . 0 9 ^ 2 1 1 9 7  2 0 9
A 0 . 5 0 . 0 0 . 5 4 1  OF 4 4 1 0 7 3
3 - 0 . 5 0 . 0 " 0 . 5 - 4 1 0 3 1 - 4 1 0 3 1
3 - 2 . 2 0 . 0 - 2 . 2 - 2 9 6 7 6 3 - 2 9 6 7 5 9
8 - 1 . 5 0 . 0 - 1 . 5 - 1 7 5 9 6 0 - 1 7 5 9 5 7
8 1 . 8 0 . 0 ' 1 . 8 2 1 9 5 0 4 2 1 9 5 0 1
3 2 . 0 0 . 0 2 . 0 2 6 2 3 4 6 2 6 2 3 4 2
8 3 . 0 0 . 0 3 . 0 4 9 8 1 6 4 4 9 3 1 5 7
3 2 . 0 0 . 0 2 . 0 2 7 1 0 3 6 2 7 1 0 3 3
3 0 . 0 0 . 0 0 . 0 0 0
8 6 . 0 0 . 0 6 . 0 7 6 7 3 4 1 7 6 7 3 3 1
C 0 . 0 3 . 5 0 . 0 0 0
C 2 . 5 3 . 5 0 . 0 2 2 4 2 5 8 0
c 2 . 5 3 . 5 0 . 0 2 3 6 4 0 6 0
c 4 . 0 3 . 5 0 . 5 4 3 7 8 3 1 6 0 9 7 3
c 4 . 0 3 . 5 0 . 5 4 5 9 5 6 0 3 7  4 4 4
c 4 . 0 3 . 5 0 . 5 4 7 7 0 8 2 5 9 6 3 4
c 2 . 0 3 . 5 0 . 0 1 6 7 64  6 0
c 0 . 0 3 . 5 0 . 0 0 0
c - 2 . 5 3 . 5 - 6 . 0 - 2 2 0 1 3 5 - 5 2 3 3 1 7
c - 2 . 5 3 . 5 - 6 . 0 - 2  3 0  8 3 4 - 5 5 4 1 1 5
c - 3 . 0 3 . 5 - 6  . 5 - 3 0 7 2 8 5 - 6 6 5 7 7 5
c 0 . 5 3 . 5 0 . 0 2 6 4 6 2 0
c 4 .  0 3 . 5 0 . 5 4 7 2 8 1 2 5 9 1 0 1
c 3 . 5 3 . 5 0 . 0 3 8 3 9 9 8 0
c 2 . 5 3 . 5 0 . 0 2 3 3 9 7 6 0
3 2 . 0 0 . 0 2 . 0 1 7 5 2 3 1 1 7 5 2 2 9
8 1 . 0 0 . 0 1 . 0 7 1 6 8 5 7 1 6 5 4
3 0 . 5 0 . 0 0 . 5 4 8  1 9 2 4 6  1 9 2
8 1 . 0 0 . 0 1 . 0 1 1 1  1 3 6 1 1 1 1 3 4
6 - 1 . 0 0 . 0 - 1 . 0 - 1 1 2 5 2 2 - 1 1 2 5 2 1
, B 0 . 0 0 . 0 0 . 0 0 0
8 2 . 5 0 . 0 2 . 5 3 9 4 6 2 4 3 9  4 6 1 8
A 2 . 5 0 . 0 2 . 5 3 9 1 8 2 6 3 9 1 3 2 1
A 1 . 5 0 . 0 1 . 5 1 3 0 4 8 8 1 5  0 4 6  5
A 1 . 5 0 . 0 1 . 5 1 8 1 1 1 5 1 8 1 1 1 2
A 1 . 0 0 . 0 1 . 0 8 6 7 7  2 5 6 7 7 1
A - 2 . 5 0 . 0 - 2 . 5 - 3 1 2 9 0 1 - 3 1 2 6 9 7
A - 2 . 5 0 . 0 - 2 . 5 - 3 1 3 3 4 3 - 3 1 3 3 3 9
A 0 . 0 0 . 0 0 . 0 0 0
A - 1 . 5 o • o - 1 . 5 - 3  6 7  6 0  3 - 8 6 7 5 9 7
158.
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO. RR9*
DE P T H  GROUP A 3 6 9 8 5 2  M E T R I C  TONS .
D E P T H  GROUP 0 2 1 9 2 9 8 3  M E T R I C  TONS
D E P T H  GROUP C 2 4 1 1 7 2 8  M E T R I C  TONS
T OT AL  MASS 4 9 7 4 5 6 3  M E T R I C  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O .  R R 9 4
DEP T H GROUP A 3 6 9 8 4 7  M E T R I C  TONS
DE P T H  GROUP B 2 1 9 2 9 5 3  M E T R I C  TONS
DEP T H  GROUP C - 1 5 1 1 0 5 0  M E T R I C  TONS
TOTAL MASS 1 05 1751  METRIC TONS
0 IS  T AMCE UPRIVER = 39 . 52_________ PROFILE SEGMENT NO. R R93
O E P T H D E P T H ERROR CEP T H MEAS URED M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
( F T ) ( F T ) ( F T ) ( M T 0 N S ) f  M T O N S )
A 1 . 2 0 . 0 1 . 2 I  3 7 7 3 2 13 7 7 3 0
A 0 . 0 0 . 0 0 . 0 0 0
A 2 . 2 0 . 0 2 . 2 4 3 3 5 7 2 4 3 3 5 6 6
A 2 . 0 0 . 0 2 . 0 3 7 7 9 0 2 3 7 7 6 9 7
A 1 . 8 0 . 0 1 . 8 2 9 8  88  0 2 9 8  6 7  6
A 2 . 0 0 . 0 2 . 0 3 5 6 1 5 0 3 5 6 1 4 5
A 1 . 0 0 . 0 1 . 0 1 3 7 0 6 9 1 3 7 0 6 8
A 1 . 0 0 . 0 1 . 0 1 3 9 2 7 1 1 3 9 2 6  9
A - 0 . 5 0 . 0 - 0 . 5 - 5 7 0 0 2 - 5 7 0 0 1
8 - 1 . 0 0 . 0 - 1 . 0 - 1 3 5 8 2 6 - 1 3 5 3 2 4
8 - 0 . 5 0 . 0 - 0 . 5 - 5 9 8 6 5 - 5 9 8 6 4
8 0 . 5 0 . 0 0 . 5 4 7 0 4 6 4 7 0 4 5
8 0 . 0 0 . 0 0 . 0 0 0
8 - 2 . 5
o•o - 2  . 5 - 3  9 8 9 6 7 - 3 9 6 9 6 2
8 - 2 . 0
o•o - 2  . 0 - 2 8 0 3 5 9 - 2 6 0 3 5 5
8 3 . 0 0 . 0 3 . 0 3 0 3 7 9 8 3 0 3 7 9 4
C 3 . 0 3 . 5 0 . 0 3 0 1  37 7 0
C 7 . 0 3 . 5 3 . 5 9 3 3 6 9 0 4 6 6 3 3 9
C 1 7 . 0 3 . 5 1 3 . 5 2 7 5 6 3 9 4 2 1 6 8 8 7 2
c 2 1 . 0 3 . 5 17 . 5 34 4 3 9 0 2 2 5 6 9 8 3 0
c 1 1 . 0 3 . 5 7 . 5 1 5 0 1 6 3 3 1 0 2 3 6 2  7
c 7 . 0 3 . 5 3 . 5 8 6 5 6 6 1 4 3 2 6 2 5
c 4 . 0 3 . 5 0 . 5 4 4 0 4 1 8 5 5 0 5 1
3 2 . 5 0 . 0 2 . 5 I  9 7 8 2 7 1 9  7 3 2  5
3 3 . 0 0 . 0 3 . 0 2 0 0 3 5 4 2 0 0 8 5 1
8 2 . 0 0 . 0 2 . 0 1 4 9 3 7 0 1 4  9 3 6 8
3 1 . 0 0 . 0 1 . 0 6 4 0 1 9 6 4 0 1 8
8 1 . 0 0 . 0 1 . 0 9 3 7 6 0 9 8 7 5 9
3 - 0 . 3 0 . 0 - 0 . 3 - 2 1 5 0 3 - 2 1 5 0 3
A - 0 . 3 0 .  0 - 0 . 3 - 2 1 0 3 5 - 2  1 0 3 5
A 3 . 0 0 . 0 3 . 0 4 5 2 0 6 6 4 5 2 0 6 0
A 2 . 5 0 . 0 2 . 5 3 3 5 6 5 1 3 3 5 6 4 6
A 0 . 0 0 . 0 0 . 0 0 0
A - 4 . 0 0 . 0  , r. - 4 . 0 - 4 8  1 3 5 2 - 4 8  1 3 4 6
A - 0 . 5 0 . 0 - 0 . 5 -  1 9 4 5 4 - 1 9 4 5 3
A - 1 . 0 0 . 0 - 1 . 0 - 4 5 8 7  3 -  4 5 <} 7 3
A - 1 . 0 0 . 0 - 1 . 0 - 1 1 2 0 9 4 - 1 1 2  0 9 2
160.
t o t a l  m e a s u r e d  m a s s  of  f i l l  a l o n g  p r o f i l e  n o . RR93
Q E P l ^ i  GROUP A______ 1 9 8 1 4 3 4  ME TRIP TONS
DEPTH GROUP 8 1 6 5 1 5 4  METRIC TONS
DEPTH GROUP C 102 4 3Q 75  METRIC TONS
 ________ TOTAL MASS 1 2 3 8 9 7 1 3  METRIC TONS____________
MINIMUM MASS OF F I L L  CALCULATED ALONG PROFILE NO.  RR93
D E P T H  GROUP A 1 9 8 1 4 5 8  M E T R I C  TONS
DEP TH GROUP 8__________1 6 5 1 5 2  M E T R I C  TONS
DEP T H GROUP C 7 0 3 7 2 9 4  M E T R I C  TONS
TOT AL  MASS 9 1 8 3 9 0 4  M E T R I C  TONS
161 .
DISTANCE UPRIVER = 4 4 . 0 8 PROFILE SEGMENT NO, RR92
O E P T H OE P T H ERROR D E P T H M£ AS U R E 0 MI  MI MU M
GROUP CHANGE TERM - E R R O R F I L L F I L L
c m ( F I ) ( F T ) C M T Q N S ) (MTOiMS )
A
0
 •1 o • o i I*"* • - 3 6 9 1 6 3 - 3 6 9 1 5 8
A 1 . 0 0 . 0 1 . 0 1 4 8 6 3 8 1 4 3 6 3 6
A 1 . 0 0 . 0 1 . 0 1 9 1 5 0  A 1 9 1 5 0 2
A 0 . 5 0 . 0 0 . 5 8 3 3 3 3 8 3 3  8 2
A 1 . 0 0 . 0 t  . 0 8 5 3 4 1 8 5 3 4 0
A 0 . 5 0 . 0 0 . 5 3 7 0 7 2 3 7 Q 7 1
A - 5 . 0 0 . 0 - 5 . 0 - 7 9 1 8 4 2 - 7 9 1 3 3 2
A - 0 . 2 0 . 0 - 0 . 2 - 1 0  97 3 - 1 0 9 7 3
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 0 0 . 0 0 . 0 0 0
B - 1 .  0 0 . 0 - 1 . 0 - 7 8 1 8 9 - 7 8 1 8 8
B - 1 . 0 0 . 0 - 1 . 0 - 7 5 0 2 7 - 7 5 0 2 6
3 1 . 0 0 . 0 1 . 0 7 8  1 0 2 7 8 1 0 1
B 1 . 0 0 . 0 1 . 0 7 1 3 8 6 7 1 3 8 5
8 - 0 . 5 0 . 0 - 0 . 5 - 3 5 0 1 3 - 3 5 0 1 3
8 - 0 . 5 0 . 0  ..... - 0 . 5 - 3 2 9 3 3 - 3 2 9 3 3
3 - 1 . 0 0 . 0 - 1 . 0 -  7 4 7 6 8 -  7 4 7 6 5
3 - 1 . 0 0 . 0 - 1 . 0 - 7 5 7 2 5 - 7 5 7 2 4
C - 3 . 0 3 . 5 - s  . 5 - 3 7 0 6 7 1 - 8 0 3 1 1 1
c 0 . 0 3 . 5 0 . 0 0 0
c 1 . 8 3 . 5 0 . 0 1 5 3 8 6 1 0
c 4 . 0 3 . 5 0 . 5 5 4 7 3 9 4 6 3 4 2 3
c 7 . 0 3 . 5 3 . 5 1 1 0 2 5 8 3 5 5 1 2 8 4
c 5 . 0 3 . 5 1 . 5 7 5 0 1 3 5 2 2 5 0 3 7
c - 6 . 0 3 . 5 - 9 . 5 - 5 2 4 7 7 1 - 1 3 0 5 8 7 0
3 - 0 . 2 0 . 0 - 0  . 2 - 6 6 8 5 9 - 6 6 8 5 8
A i © • ro
o•o - 0  . 2 - 1 1 8 5 3 4 - 1 1 3 5 3 3
T O T A L  ME A S U R E D MASS OF F I L L  ALONG P R O F I L E  N O . RR 9 2
DEP T H GROUP A - 7 4 4 5 7 5  M E T R I C  TONS
DEP T H GROUP B - 2 8 9 0 7 5  M E T R I C  TONS
DEPTH GROUP C 1 3 5 8 5 3 0  M E T R I C  TONS
TOTAL MASS 3 2 4 3 8 0  M E T R I C  TONS
M I N I M U M  MASS O f F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . R R 9 2
D E P T H GROUP A - 7 4 4 5 6 5  M E T R I C  TONS
DEP T H GROUP 8 - 2 8 9 0 7 1  M E T R I C  TONS
DEP TH GROUP C - 1 2 6 4 2 3 6  M E T R I C  TONS
T OT AL  MASS - 2 2 9 7 8 7 2  M E T R I C  TONS
DISTANCE UPRIVER = 4 3 . 1 8 PROFILE SEGMENT NO. RR91
O E P T H  O E P T H ________ ERROR OE P T H  MEASURED__________M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
cm ( F T ) cm C M T O N S i C M TON S )
A 0 . 0
o•o 0 . 0 0 0
A 2 . 8 0 . 0 2 . 3 5 3 5 1 3 9 5 8 5 1 3 2
A 1 . 8 0 . 0 1 . 8 2 2 5 5 5 1 2 2 5 5  4 6
A 3 . 9 0 . 0 3 . 9 7 2 0 4 7 6 7 2 0 4 6 6
A 1 . 2 0 . 0 1 . 2 1 3 5 4 9 0 1 3 5  4 8  3
3 1 . 2 0 . 0 1 . 2 1 3 3 0 9 3 1 3  3 0 9 1
9 1 . 6 0 . 0 1 . 6 1 9 5 8 0 4 1 9 5 3 0  1
3 1 . 0 0 . 0 1 . 0 1 0 8  3 6 6 1 0 5 3 6 4
B 0 . 0 0 . 0 0 . 0 0 o *
B - 1 . 3 0 . 0 - 1 . 3 - 1 4 5 1 2 1 - 1 4 5 1 1 9
3 - 1 . 0 0 . 0 - 1 . 0 - 8 8 0 8 6 - 3 8 0  67
8 1 . 8 0 . 0 1 . 8 2 0 0 1 3 8 2 0 0 1 3 5
B 2 . 2 0 . 0 2 . 2 2 6 3 2 2 0 2 6 S 2 1 6
3 2 . 2 0 . 0 2 . 2 2 6 2 3 1 2 2 6 2 3 0 9
a 2 . 0 0 . 0 2 . 0 2 4 3 1 5 4 2 4 3 1 5 1
a 4 . 0 0 . 0 4 . 0 6 4 6 8 0  7 6 4 6 7 9 3
a 4 . 0 0 . 0 4 . 0 6 3 3 8 3 3 6 3 3 6 2 5
3 2 . 0 0 . 0 2 . 0 2 3 0 6 4 5 2 3 0 6 4 2
3 2 . 5 0 . 0 2 . 5 4 7 8 3 4 2 4 7 8 3 3 6
A 1 . 0 0 . 0 1 . 0 I  3 0 8 4 6 1 3 0 6 4 4
A 1 . 0 0 . 0 1 . 0 1 2 9 7 7 7 1 2 9 7 7 6
A 2 . 0 0 . 0 2 . 0 3 4 6 5 0 5 3 4 6 5 0 0
A 2 .  1 0 . 0 2 . 1 3 7 9 3 5 0 3 7 9 3 4 5
A 2 . 0 0 . 0 2 . 0 3 4 6 5 6 4 3 4 6 5 6 0
A 2 . 0 0 . 0 2 . 0 3 7 0 2 9 1 3 7 0 2 8 6
A 2 . 2 0 . 0 2 . 2 3 9 6 4 2 2 3 9 5 4 1 7
A 2 . 0 0 . 0 2 . 0 3 5 8 1 6 0 3 5 8 1 5 5
A 0 . 4 0 . 0 0 . 4 1 3 1 3 3 3 1 3 1 3 3 6
A 1 . 5 0 . 0 1 . 5 1 3 9 0 8 8 1 3 9 0 8 5
A 1 .  1 0 . 0 1 . 1 5 94  1 8 9 5 9 4 1 8 1
T O T A L  ME AS U R E D MASS OF F I L L  ALONG P R O F I L E  NO. RR 9 1
DEP T H GROUP A 5 0 3 9 1 8 6  M E T R I C  TONS
DEP T H GROUP 6 3 1 6 7 7 0 3  M E T R I C  TONS
DEP T H GR O U P C 0 M E T R I C  TONS
TOTAL MASS 3 2 0 6 8 8 9  M E T R I C  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . RR91
DEP TH GROUP A 5 0 3 9 1 1 9  M E T R I C  TONS
DEP TH GROUP e 3 1 6 7 5 6 1  P E T R  1C TONS
OEPTH GROUP C 0 M E T R I C  TONS
TOTAL MASS 8 2 0 6 7 3 0  M E T R I C  TONS
163.
D I S T A N C E  U P R I V E R = 5 3 . 3 5 P R O F I L E S E G M E N T N O .  RR 9 0
D E P T H Q Z P T t i ERROR DEP T H ME A S URE D M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
( F T  J ( F T  J ( F T J ( M T O N S ) C M T O N S )
A 1 . 0 0 . 0 1 . 0 1 3 8  4 3 0 1 3 3 4 2  7
A 0 . 7 0 . 0 0 . 7 1 1 2 5 3 1 1 1 2 5 3 0
A 0 . 2 0 . 0 0 . 2 2 2 4 8 9 2 2 4 3 9
A - 1 . 0 0 . 0 - 1 . 0 - 1 8 3 5 4 6 - 1 3 3 5 4 3
8 - 2 . 0 0 . 0 - 2  . 0 - 1 3 4 4 5 1 - 1 3 4 4 4 9
3 - 2 . 2 0 . 0 - 2 . 2 - 1 8 2 7 9 7 - 1 6 2 7 9 5
3 - 2 . 0 0 . 0 - 2 . 0 - 1 3 4 8 0 8 - 1 3 4 8 0 6
Q - 1 . 3 0 . 0 - 1 . 3 - 4 7 5 6 2 - 4 7 5 6 2
B - 2 . 5 0 . 0 - 2  . 5 - 1 9 8 5 6 3 - 1 9 3 5 6 1
8 - 3 . 8 0 . 0 - 3 . 8 - 3 6 1 4 6 3 - 3 6 1 4 5 9
8 0 . 0 0 . 0 0 . 0 0 0
B 6 . 0 0 . 0 6 . 0 6 4 0 9 8 2 6 4 0 9 7 4
3 7 . 0 0 . 0 7 . 0 7 4 0 2 4 5 7 4 0 2 3 5
3 6 . 0 0 . 0 6 . 0 6 2 0 9 8 3 6 2 0 9 7 5
8 3 . 0 0 . 0 3 . 0 2 6 1 2 7 9 2 6 1 2 7 &
8 3 . 0 0 . 0 3 . 0 2 4 9 8 2 6 2 4 9 8 2 3
A 2 . 0 0 . 0 2 . 0 1 4 6 1 2 8 1 4 6 1 2 6
A 0 . 6 0 . 0 0 . 6 6 4  9 9 9 6 4 9 9 8
A 0 . 3 0 . 0 0 . 3 2 7 8 5 3 2 7 3 5 3
A 0 . 2 0 . 0 0 . 2 1 6  1 01 1 6 1 0 1
A 2 . 0 0 . 0 2 . 0 3 4 6 6 8 3 3 4 6 6 7 9
A 2 . 5 0 . 0 2 . 5 4 6 9 3 9 1 4 6  9 3 6  5
A 1 . 5 0 . 0 1 . 5 1 8 1 4 3 5 1 6 1 4 3 2
A 1 . 1 0 . 0 1 . 1 6 3 1 6 9 6 3  1 6 3
A 1 . 8 0 . 0 1 . 8 1 6 6 1 7 2 1 6 6 1 7 0
A 1 . 0 0 . 0 1 . 0 7 3 6 5 4 7 3 6 5 3
A 0 . 0 0 . 0 0 . 0 0 0
T O T A L  MEASURED MASS OF F I L L  ALONG P R O F I L E  N O . RR 9 0
DEP T H GROUP A 1 6 9 7 4 9 0  M E T R I C  TONS
DEPTH GROUP 8 1 4 5 3 6 5 0  M E T R I C  TONS
DEP TH GROUP C 0 M E T R I C  TONS
T OT AL MASS 3 1 5 1 1 4 0  M E T R I C  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . RR9 0
D E P T H GROUP A 1 6 9 7 * 6 8  M E T R I C  TONS
DEP T H GROUP B 1 4 5 3 6 3 1  M E T R I C  TONS
DEP T H GROUP c 0 M E T R I C  TONS
TOT AL MASS 3 1 5 1 0 9 8  M E T R I C  TONS
164.
DISTANCE UPRIVER " 5 5 . 8 4 PROFILE SEGMENT IMP. RR69
DEPTH DEPTH ERROR d e p t h ME ASURED MINIMUM
GROUP CHANGE TERM -ERROR F I L L F I L L
C FT ) ( FT 1 ( F D C MT0NS) (MT0NS)
A
o•o o • o 0 . 0 0 0
A 0 . 4 0 . 0 0 . 4 44425 44 42 4
A 0 . 2 0 . 0 0 .2 7501 750 1
A 1 . 6 0 . 0 1 . 6 10 83 30 1 0 6 3 2 9
A 0 . 8 0 . 0 0 . 8 40020 4 0019
A 0 . 3 0 . 0 0 .3 12510 12510
A 0 . 3 0 . 0 0 .3 12145 12145
A 0 . 0 0 . 0 0 . 0 0 0
A - 0 . 5 0 . 0 - 0 . 5 - 2 4 1 2 3 - 2 4  123
A - 1 . 0 0 . 0 - 1 . 0 - 5 6  102 - 5 6 1 0 1
A 1 . 0 0 . 0 1 . 0 38746 3 874 5
8 0 . 0 3 . 5 0 . 0 0 0
8 - 1 . 3 3 . 5 - 4 . 8 - 5 8 6 6 3 - 2 1 6 5 9 3
8 - 1 . 2 3 . 5 - 4 . 7 - 4 7 4 9 5 - 1 8 6 0 1 9
8 - 1 . 0 3 .5 -4  . 5 - 4  125 3 - 1 8 5 6 2 7
a 0 . 8 3 .5 0 . 0 27 551 0
3 2 . 5 3 . 5 0 . 0 1 46582 0
3 4 . 5 3 . 5 1 . 0 3 218 2  7 7 1516
8 6 . 0 3 .5 2 .5 4 4 5 8 0 2 18 5 746
3 5 . 0 3 . 5 1 . 5 3 53302 105 98 9
3 2 . 5 3 .5 0 . 0 1 3 62 35 0
8 2 . 5 3 . 5 0 .0 153234 0
8 3 . 0 3 . 5 0 . 0 1 962 00 0
8 4 . 0 3 .5 0 . 5 2 7 4 7 9 1 34343
A 3 . 5 0 . 0 3 . 5 2 5 11 3 6 251 133
A 1 . 5 0 . 0 1 . 5 199 94 9 199 947
A 1 . 4 0 . 0 1 .4 1 7 & 5 4 1 176528
A - 0 . 6 0 . 0 - 0 . 3 -  84 190 -  2 4 18 9
A - 1 . 0 0 . 0 - 1 . 0 - 1 6 3 3 5 0 - 1 8 3 3 4 7
TOTAL MEASURED MASS OF F I L L  ALONG PROFILE NO. RR8 9
DEPTH
DEPTH
GROUP
GROUP
A
8
543538  METRIC TONS 
1 903113  METRIC TONS
DEPTH GROUP C 0 METRIC TONS
TOTAL 
M I N I M U M  MASS OF
MASS
F I L L
2 45 16 5 2  METRIC TONS 
CALCULATED ALONG PROFILE NO. PR 6 9
DtP TH GROUP A 543531 METRIC TONS
DEPTH
DEPTH
GROUP
GROUP
8
C
- 1 9 0 6 5 1  METRIC TONS 
0 METRIC TONS
TOTAL MASS 352380 METRIC TONS
165.
QISTANCE UPRIVER = 5 8 . 79_________ PROFILE S £ GM£N T NO. HHISP
O E P I H  D E P T H ERROR D E P T H ME A S U R E D M I N I M U M
GROUP  CHAN GE TERM - E R R O R F I L L F I L L
i f cU________ CFTJ I F  T J___________ VMTQ.NS i ________ C&IIU1S.1
A - 0 . 8 o • o - 0 . 3 - B 0 A Q 3 - 3 0 4 0 2
A 1 . 3 0 . 0 1 . 3 7 4 2 7 0 7 4 2 6 9
A 1 . 3 0 . 0 1 . 3 7 3 8 9 0 7 3 8 3 9
A 1 . 3 0 . 0 1 . 3 7 2 7 1 9 7 2  7 1 8
A 0 . 0 0 . 0 0 . 0 0 0
8 - 1 . 3 3 . 5 - 4 . 8 - 7 3 6 0 5 - 2 7 1 7 7 0
8 1 . 3 3 . 5 0 . 0 4 6 1 8 9 0
8 5 . 0 3 . 5 1 . 5 2 8 3 6 5 4 8 5 0 9 5
C 5 . 5 3 . 5 2 . 0 3 0 7  6 5 1 1 1 1 8 7 2
C 1 . 9 3 . 5 0 . 0 7 7 0 5  4 0
c 1 . 8 3 . 5 0 . 0 6 5 6 5 8 0
3 2 . 3 3 . 5 0 . 0 9 9 3 3 0 0
3 4 . 0 3 . 5 0 . 5 2 1 6 4 8 8 2 * 0 6 1
3 3 . 3 3 . 5 0 . 0 1 6 3 7 5 4 0
8 0 . 7 3 . 5 0 . 0 1 8 9 8 5 0
A 0 . 5 0 . 0 0 . 5 1 2 8 1 6 1 2 8 1 6
A 0 . 5 0 . 0 0 . 5 1 2 5 7 9 1 2 5 7 8
A 0 . 8 0 . 0 0 . 3 2 2 3 4 2 2 2 3 4 1
A 1 . 5 0 . 0 1 . 5 9 4  15  7 y 4 1 5 6
A 3 . 0 0 . 0 3 . 0 2 5 6 0 3 4 2 5 6 0 3 1
A 2 . 0 0 . 0 2 . 0 1 4 3 3 1 2 1 4 3 3 1 0
A 2 . 0 0 . 0 2 . 0 1 4 0 9 3 3 1 4 0 9 3 1
A 1 . 4 0 . 0 1 . 4 8 5 3 4 5 3 5 3 4 4
A 1 . 0 o • o 1 . 0 1 0 1 5 6  3 1 0 1 5 6 2
T O T A L  ME A S U R E D MASS OF F I L L  AL ONG P R O F I L E  N O. WHI  SP
D E P T H GROUP A 1 0 0 9 5 5 6  M E T R I C  TONS
DEP T H GROUP 0 7 5 4 7 9 6  M E T R I C  TONS ,
D E P T H GROUP c 4 5 0 3 6 3  M E T R I C  TONS
T OT AL MASS 2 2 1 4 * 1 5  M E T R I C  TONS
M I N I M U M  MAS S OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . WH I S P
DE P T H GROUP A 1 0 0 9 5 4 3  M E T R I C  TONS
DE P T H GROUP 8 - 1 5 9 6 1 4  M E T R I C  TONS
DEP T H GROUP C 1 1 1 8 7 2  M E T R I C  TONS
T OT AL MASS 9 6 1 3 0 0  M E T R I C  TONS
f5-
166.
DISTANCE UPRIVER = 5 9 . 6 7 PROFILE SEGMENT M0. CC
DEPTH DEPTH ERROR DEPTH MEASURED M I N I M U M
GROUP CHANGE TERN -ERROR F I L L F I L L
C FT ) c m c m C M T 0NS) CMT0NS)
A
0
 •
to1 o•o - 3 . 0 - 2 0 8 2 9 5 - 2 0 8 2 9 3
A - 2 . 7 0 . 0 - 2 . 7 - 1 6 7 0 5 7 - 1 6 7 0 5 5
A 0 . 4 0 . 0 0 .4 12244 12243
A 0 . 7 0 .0 0 . 7 23573 2 3 5 73
A 0 . 4 0 . 0 0 . 4 11323 11323
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 5 0 . 0 0 . 5 1 3 67 9 i  3 6 7 9
A I .  1 0 . 0 1 . 1 36332 36331
3 - 6 . 0 3 .5 - 9 . 5 - 1 5 9 9 9 2 - 2 5 3 3 1 8
3 - 1 . 7 3 . 5 - 5 . 2 - 2 8 0 3 4 - 3 5 7 4 9
C 2 . 8 3 . 5 0 . 0 63925 0
C 1 . 6 3 .5 0 . 0 27687 0
c 0 . 0 3 . 5 0 . 0 0 0
c 0 . 0 3 . 5 0 . 0 0 0
c 4 . 0 3 .5 0 . 5 83313 10414
3 5 . 0 3 . 5 1 . 5 1 09331 3 2 799
3 2 . 6 3 . 5 0 . 0 45 909 0
A 0 . 3 0 . 0 0 . 3 258 7 25 67
A 0 . 0 0 . 0 0 . 0 0 0
A 1 . 2 0 . 0 1 .2 25834 25834
A 1 . 0 0 .0 1 . 0 1 7 770 I  7.77Q
A 1 . 0 0 .0 1 . 0 17334 17334
A __L lQ 0 . 0 1 . 0 __ 2 9566..... . ....2.95.6 6
T O T A L  MEAS URED MASS OF F I L L  ALONG P R O F I L E  N O. CC
DE P T H
DEP T H
GROUP
GROUP
A - 1 8 5 1 1 0  M E T R I C  TONS  
M - 3 2 7 86  M E T R I C  TONS
D EP TH GROUP C 1 7 4 9 2 5  M E T R I C  TONS
TOTAL  
M I N I M U M  MASS OF
MASS  
F I  LL
- 4 2 9 7 0  M E T R I C  TONS  
C A L C U L A T E D  ALONG P R O F I L E  N O . CC
D E P T H GROUP A - 1 8 5 1 0 7  M E T R I C  TONS
DEP T H
DEP T H
GROUP
GROUP
B - 3 0 6 2 6 8  M E T R I C  TONS  
C 1 0 4 1 4  M E T R I C  TONS
TOTAL MASS - 4 8 0 9 6 1  M E T R I C  TONS
167.
01 STANCE UPRIVER = 6 0 . 4 2 _________ PROFILE SEGMEN T NO. RR83
D E P T H D E P T H ERROR C E P T H MEASUREQ M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
(  F T  ) ( F T ! ( F T ) C M T 0 N S ) ( M T O N S )
A - 1 . 0
o•o - 1 . 0 -  3 3 9 2 7 - 3 3 9 2  7
A - 0 . 8 0 . 0 - 0  .  3 - 1 8 7 0 3 - 1 8 7 0 3
A 0 . 4 0 . 0 0 . 4 3 4 3 0 3 43  0
A 1 . 6 0 . 0 1 . 6 4 9 9 7 3 4 9 9 7 2
A 1 . 2 0 . 0 1 . 2 3 3 1 9 6 3 3 1 9 5
A 1 . 3 0 . 0 1 . 3 3 7 5 4 7 3 7 5 4 6
A 1 . 0 0 . 0 I  . 0 2 6 0 1 2 2 6 0 1 2
A 1 . 3 0 . 0 1 . 3 3 6 3 4 4 3 6 3 4 3
A 1 . 0 0 . 0 1 . 0 2 4 3 5 5 2 4 3 5 5
A 0 . 6 0 . 0 0 . 6 1 4  3 0 3 1 4 3 0 3
A - 1 . 0 0 . 0 - 1  . 0 - 2 4 7 6 9 - 2 4 7 6 9
3 - 7 . 0 3 . 5 - 1 0 . 5 - 3 4 4 3 2 6 - 5  1 64  8 6
3 - 1 . 6 3 . 5 - 5 . 1 - 2 8 7 3 6 - 9 1 5 9 6
3 - 6 . 5 3 . 5
o•0H1 -  1 7 8 2 1 4 - 2 7 4 1 7 1
C 8 . 0 3 . 5 4 . 5 2 2 1 9 3 2 1 2 4 8 3 5
C A.7 3 . 5 1 . 2 1 2 0 1 0 0 3 0  6 6 3
C 6 . 0 3 . 5 2 . 5 1 5 6 7 0 1 6 5 2 9 1
C 1 3 . 0 3 . 5 9 . 5 4 2 3 6 9 4 3 0  9 6 1 3
8 1 2 . 5 3 . 5 9 . 0 4 1 6 6 2 9 2 9 9 9 6 9
3 7 . 0 3 . 5 3 . 5 1 9 9 0 2 7 9 9 5 1 2
A 2 . 7 0 . 0 2 . 7 1 1 6 0 3 5 1 1 6 0 3 3
A 1 . 4 0 . 0 1 . 4 4 4 3 8 5 4 4 3 8 4
A 1 . 3 0 . 0 1 . 3 9 6 5 5 9 9 5 5 5 7
T O T A L  ME ASURE D MASS OF F I L L  ALONG P R O F I L E  N O . RR8 8
D E P T H GROUP A 4 0 9 7 3 3  M E T R I C  TONS
D E P T H GROUP 8 6 4 3 7 7  M E T R I C  TONS
DEPTH GROUP C 9 2 2 4 2 7  . METRI C TONS
TOT AL MASS 1 3 9 6 5 4 2  M E T R I C  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . RR6 8
DEPTH GROUP A 4 0 9 7 3 2  M E T R I C  TONS
D EP TH GROUP B - 4 8 2 7 7 2  M E T R I C  TONS
DEPTH GROUP C 5 3 0 4 0 8  M E T R I C  TONS
TOT AL MASS 4 5 7 1 6 8  M E T R I C  TONS
'
168.
0 I S T A N C E  U P R I V E R = 6 1 . 5 4 P R O F I L E S E G M E N T  N O . 33
D E P T H D E P T H ERROR C E P T H MEASURED M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
C FT  ) ( F T  ) C F T ) C M T G N S ) ( M T G N S )
A - 1 . 2 0 . 0
<\Jt.
H1 - 6 * 5 0 2 - 6 4 5 0  1
A 1 . 2 0 . 0 1 . 2 4 3 8 0 0 4 3 8 0 0
A 1 . 4 0 . 0 1 . 4 5 5 8 7 4 5 5 3 7 3
A 1 . 0 0 . 0 1 . 0 3 6 0 4 2 3 6  0 4 1
A 1 . 2 0 . 0 1 . 2 4 7  2 1 3 4 7 2 1 2
A 1 . 5 0 . 0 1 . 5 6 7 0 6 2 6 7 0 6 1
A 0 . 6 0 . 0 0 . 6 2 0 * 2 6 2 0 4 2 6
A 0 . 5 0 . 0 0 . 5 1 7 0 0 9 1 7 0 0 8
A 0 . 0 0 . 0 0 . 0 0 0
A o . / 0 . 0 0 . 7 1 0 7 8 0 1 0  7 8 0
A 1 . 0 0 . 0 1 . 0 1 7 3 5 6 1 7  3 5 6
A 2 . 0 0 . 0 2 . 0 4 8  04 8 4 8 0 4 7
A - 2 . 0 0 . 0 - 2 . 0 -  4 6 32  4 - 4 6 3 2 3
3 - 2 . 5 3 . 5 - 6 . 0 - 6 9 3 0 8 - 1 6 6 3 3 8
8 1 . 5 3 . 5 0 . 3 3 0 5 3 5 0
8 3 . 5 3 . 5 0 . 0 1 0 7 5 7 3 0
8 3 . 3 3 . 5 0 . 0 1 0 3 8 6 5 0
3 5 . 0 3 . 5 1 . 5 1 6 2  37 7 4 8 7 1 3
3 6 . 5 3 . 5 3 . 0 2 5 6 2 7 0 1 1 3 2 7 7
8 6 . 0 3 . 5 2 . 5 2 0 1 7 6 3 8 4 0 6 7
B 6 . 0 3 . 5 2 . 5 2 1 4 9 2 7 3 9 5 5 2
8 6 . 0 3 . 5 2 . 5 2 2 0 2 4 3 9 1 7 6 7
A 3 . 0 0 . 0 3 . 0 8 9 6 9 8 8 9 6 9 6
A 1 . 8 0 . 0 1 . 5 9 2 0 1 0 9 2 0 0 9
A 0 . 5 0 . 0 0 . 5 1 8 9 9 1 13  9 9 1
A 0 . 5 0 . 0 0 . 5 1 8 3 3 7 1 8 3 3 6
A 1 . 0 0 . 0 1 . 0 4 1 6 4 6 4 1 6 * 5
A 1 . 0 0 . 0 1 . 0 1 3 6 7  1 1 3 6 7  1
A 1 . 0 0 . 0 1 . 0 6 8 5 7 3 6 8 5 7 3
T O T A L  M E A S U R E D MASS OF F I L L  ALONG P R O F I L E  NO. B8
DEP T H GROUP A 5 9 5 7 1 0  M E T R I C  TONS
DEP T H GROUP 8 1 2 2 3 2 4 4  M E T R I C  TONS
DEP T H GROUP C 0 M E T R I C  TONS
TOT AL MASS 1 8 2 3 9 5 4  M E T R I C  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . 8 8
D E P T H GROUP A 5 9 5 7 0 3  M E T R I C  TONS
DE P T H GROUP 6 2 6 6 0 3 6  M E T R I C  TONS
DEP T H GROUP C 0 M E T R I C  TONS
TOT AL MASS 8 6 1 7 3 9  M E T R I C  TONS
169.
DISTANCE UPRIVER = 6 3 . 1 2 PROFILE SEGMENT NO. A A *
D E P T H D E P T H ERROR D E P T H MEASURED MINIMUM
GROUP CHANGE TERM - E R R O R F I L L F I L L
XF n ____ .si n  Em_______i rujmsj____ m i aim
A - ■ 1 . 0
o•o - 1 . 0 - 5 9 5 4 7 - 5 9 5 4 6
A - 0 . 5 0 . 0 - 0 . 5 - 2 4 7 5 9 - 2 4  7 5  9
A 0 . 2 0 . 0 0 . 2 7 6 5 7 7 6 5 7
A - 0 . 2 0 . 0 - 0 . 2 - 7  6 1 2 - 7 6 1 1
A 0 . 2 0 . 0 0 . 2 2 2 3 1 2 2 3 1
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 7 0 . 0 0 . 7 1 1 0 3 4 1 1 0 3 3
8 3 . 0 3 . 5 0 . 0 8 6 5 9 3 0
3 3 . 0 3 . 5 0 . 0 8 6 7 0 1 0
3 4 . 0 3 . 5 0 . 5 1 1 7 2 3 2 1 4  6 5 4
8 4 . 0 3 . 5 0 . 5 1 2 6 1 4 1 1 5 7 6 7
3 4 . 0 3 . 5 0 . 5 1 1 6 7 9 5 1 4 3 4 9
8 4 . 0 3 . 5 0 . 5 1 2 5 6 7 2 15 7 0 9
8 2 . 5 3 . 5 0 . 0 7 0 2 1 2 0
A 2 . 0 0 . 0 2 . 0 4 6 0 2 6 4 6 0 2 6
A 0 .  0 0 . 0 0 . 0 0 0
A 0 . 5 0 . 0 0 . 5 2 2 3 4 0 2 2 3 4 0
A 0 . 6 0 . 0 0 . 3 3 9 2 5 9 3 9 2 5 6
A 0 . 5 0 . 0 0 . 5 5 1 3 0 4 5 1 6 0 3
T O T A L  MEASURE D MASS OF F I L L ALONG P R O F I L E  N O . AA •
DEP TH GROUP A 3 3 4 3 4  M E T R I C  TONS
D E P T H GROUP B 7 3 1 3 4 6  M E T R I C  TONS
DE P T H GROUP C 0 M E T R I C  TONS
TOTAL MASS 3 1 9 7 8 0  M E T R I C  TONS
M I N I M U M  MASS OF F I  LL C A L C U L A T E D  ALONG P R O F I L E  N O . A A 1
DEP TH GROUP A 8 6 4 3 2  M E T R I C  TONS
DEP TH GROUP B 6 0 9 7 9  M E T R I C  TONS
DEP T H GROUP C 0 M E T R I C  TONS
TOT AL MASS 1 4 9 4 1 2  M E T R I C  TONS
170.
DISTANCE UPRIVER = 6 3 . 7 1 _________ PROFILE SEGMENT NO.
O E P T H O E P T H ERROR D E P T H MEASURE D Mi  N I MU M
GROUP CHANGE TERM - E R R O R F I L L F I L L
( F T  ) (  FT  ) ( F T ) C MTONS ) CM T O N S )
A - 2 . 0
o•o - 2  . 0 - 2 5 2 1 3 - 2 5 2 1 3
A 1 . 5 0 . 0 1 . 5 3 0 8 8 3 3 0 8 8 3
A 1 . 5 0 . 0 1 . 5 18 39  9 1 8 3 9 8
A 1 . 7 0 . 0 1 . 7 2 1 7 2 3 2 1 7 2 2
A 2 . 1 0 . 0 2 . 1 2 A 6 2  A 2 A 6 2  A
A 1 . 6 0 . 0 1 . 6 1 6 6 8 6 1 6 6 8 5
A 1 . 3 0 . 0 1 . 3 1 5 6 7 1 1 5 6 7 1
A 0 . 0 0 . 0 0 . 0 0 0
8 0 . 0 3 . 5 0 . 0 0 0
3 - 1 . 2 3 . 5 - A . 7 - 8 2 0 7 - 3 2 t  A 5
C 0 . 0 3 . 5 0 . 0 0 0
C 2 . 0 3 . 5 0 . 0 17 7 2 1 0
c 2 . 0 3 . 5 0 . 0 1 7 2 A 5 0
8 5 . 0 3 . 5 1 . 5 5 5 0 7  1 1 6 5 2  1
8 A.  0 3 . 5 0 . 5 A A 8 6  1 5 6 0 3
A A . 5 0 . 0 A . 5 5 3 6 9 7 5 3 6 9 7
A 3 . 0 0 . 0 3 . 0 A A 8 A 9 A A 8 A 6
A A.  0 0 . 0 A •  0 6 6 1 1 9 6 6 1 1 8
A 3 . 5 0 . 0 3 . 5 5 5 2 A 7 5 5  2 A 7
A 1 . 5 o • o 1 . 5 3 A 3 2  3 3 A 32 3
T O T A L ME ASURED MASS OF F I L L ALONG P R O F I L E  N O . R R 8 *
DEPTH GROUP A 3 5 7 0 0 7 M E T R I C  TONS
DEPTH GROUP 6 9 17 2 A M E T R I C  TONS
DEPTH GROUP C 3 A 9 6 6 M E T R I C  TONS
T OTAL MASS A8 3 6  9 7- M E T R I C  TONS
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . RR87
D EP TH GROUP A 35 7 0 0 2 M E T R I C  TONS
DEPTH GROUP D - 1 0 0 1 6 M E T R I C  TONS
D E P T H GROUP C 0 M E T R I C  TONS
T OT AL MASS 3 A 6 9 S 6 M E T R I C  TONS
171 .
DISTANCE UPRIVER *  6 3 . 8 V _________ PROFILE SEGMENT NO,  A*
O E P T H O E P T H ERROR D E P T H MEASURED M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
C FT  ) C F T  J ( F T ) C M T O N S ) ( M T O N S )
A •  6 . 0 o • o i cr* • o - A 3 6  05  3 - A  8 6 0 A 7
A 1 . 0 0 . 0 1 . 0 2 6 7 7 5 2 6  7 / 5
A 0 * 3 0 . 0 0 . 8 1 9 6 1 3 1 9 6 1 3
A 1 . 0 0 . 0 1 . 0 2 5 2 2 7 2 5 2 2 7
A 1 . 2 0 . 0 1 . 2 3 3 2 8 0 3 3 2 8 0
A 1 . 0 0 . 0 1 . 0 2 7 6 9 1 2 7 6 9 1
A 0 . 6 0 . 0 0 . 6 1 3 9 1 0 1 3 9 1 0
A 1 . 0 0 . 0 1 . 0 1 6 1 7 9 1 6 1 7 8
8 5 . 0 3 . 5 1 . 5 1 A A 1 5 5 A 3 2 A 6
3 3 . 0 3 . 5 0 . 0 7 A 07  0 0
C 3 . 0 3 . 5 0 . 0 7 6 9 6 0 0
C 3 . 3 3 . 5 0 . 0 8 A 3 0 7 0
c 3 .  A 3 . 5 0 . 0 9 3 6 6 2 0
3 5 . 0 3 . 5 1 . 5 1 5 A 8 8 6 A 6 A 6 5
3 6 . 5 3 . 5 3 . 0 1 9 8 3 5 7 9 15 ^ 8
A A.  0 0 . 0 A . 0 1 0 5 9 7 7 1 0 5 9 7 6
A 1 . 5 0 . 0 1 . 5 1 1 0 5 5 1 i  0 5  A
A 2 . 6 0 . 0 2 . 8 1 6 9  97 2 1 6 9 9 7 0
A 2 . 5 0 . 0 2 . 5 1 A A 2 0 1 1 A A 19  9
A 1 . 5 o • o 1 . 5 3 8 1 1 1 3 8 1 1 1
T O T A L ME A S U R E D MASS OF F I L L AL ONG P R O F I L E  N O . A*
D E P T H GROUP A 1A 5 9  38 M E T R I C  TONS
OEPTH GROUP B 5 7 1 1 * 6 9 M E T R I C  TONS
DEP TH GROUP C 2 5 A 9 2 9 M E T R I C  TONS
T OTAL MASS 9 7 2 3  3 6 M E T R I C  TONS
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG P R O F I L E  MO. A*
D E P T A GROUP A 1A 5 9 3 6 M E T R I C  TONS
DE P T H GROUP 8 1 8 1 2 6 0 M E T R I C  TONS
OEP T H GROUP C 0 M E T R I C  TONS
T OT AL MASS 3 2 7 1 9 6 M E T R I C  TONS
172.
DISTANCE UPRIVER -  6 5 . 5 1 PROFILE SEGMENT NO._______ Z
D E P T H D E P T H ERROR OE P T H M E A S U R E D M I N I M U M
GROUP C H A N G E TERM - E R R O R F I L L F I L L
(  F T  ) C F T  1 ( F T ) ( M T O N S ) ( M T O N S )
A 0 . 0 0 . 0 o
 
. • © 0 0
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 0 0 . 0 0 . 0 0 0
A - 1 . 2 0 . 0 - 1 . 2 - 2 4 6 7 8 - 2 4 6 7 8
3 - 0 . 5 3 . 5 - 4 . 0 - 8 4 4 3 - 6 7 5 4 0
3 - 1 . 2 3 . 5 — & • 7 - 2 5 8 0 6 - 1 0 1 0 7 3
8 0 . 0 3 . 5
O•o 0 0
3 1 . 5 3 . 5 0 . 0 3 5 4 8 3 0
B 2 . 8 3 . 5 0 . 0 8 7 2 1 6 0
8 2 . 8 3 . 5 0 . 0 9 1 6 7 6 0
B 3 . 0 3 . 5 0 . 0 9 5 7 9 9 0
8 2 . 3 3 . 5 0 . 0 6 3 4 0  1 0
8 2 . 0 3 . 5 0 . 0 5 4 4 1 1 0
8 2 . 2 3 . 5 0 . 0 6 0 1 6 3 0
3 2 . 8 3 . 5 0 . 0 9 2 2 7 0 0
8 2 . 2 3 . 5 0 . 0 6 2 1 3 2 0
A 2 . 8 0 . 0 2 . 8 8 8  3 0 6 3 8 3 0 5
A 2 . 2 0 . 0 2 . 2 5 9 6 2 0 5 9 6 1 9
A 2 . 2 0 . 0 2 . 2 1 4 0 9 0 0 1 4 0 8 9 9
A 2 . 0 0 . 0 2 . 0 1 4 2 3 6 0 1 4  2 3 5 3
A 2 . 2 0 . 0 2 . 2 1 * 0 1 5 3 1 * 0  1 5 2
A 2 . 0 0 . 0 2 . 0 1 17  0 8 7 1 1 7 0 8 6
A 1 . 0 0 . 0 I  . 0 5 6 6 4 7 5 6 6 4 6
T O T A L  M E A S U R E D MAS S OF F I L L  AL ONG P R O F I L E  N O . Z
D E P T H
DEP T H
GROUP A 
GROUP 8
7 2 0 3 9 5  M E T R I C  TONS  
6 0 8 3 0 1  M E T R I C  TONS
DEP T H GROUP C 0 M E T R I C  TONS
T OT A L  
M I N I M U M  MASS OF
MASS 1 3 2 8 6 9 7  M E T R I C  TONS  
F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . Z
D E P T H GROUP A 7 2 0 3 3 6  M E T R I C  TONS
DEP T H
OE P T H
GROUP 8 
GROUP C
- 1 6 8 6 1 4  M E T R I C  TONS  
0 M E T R I C  TONS
T OT AL  MASS 5 5 1 7 7 2  M E T R I C  TONS
DISTANCE UPRIVER = 6 6 . 8 5 _________ PROFILE SEGMENT NO._______ Y
D E P T H D E P T H ERROR DEP TH MEASURED M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
c m CF T  ) C F T ) ( M T O N S ) ( M T O N S  )
A - 1 . 0 o • 0 1 - 1 . 0 -  1 ^ 9 6 6 -  1 7 96 6
A - 2 . 0 0 . 0 - 2 . 0 - 5 3 2 8 1 - 5 3 2 8 0
A 0 . 0 0 . 0 0 . 0 0 0
A 1 . 0 0 . 0 1 . 0 1 5 0 4 5 1 5 0 4 5
3 0 . 8 3 . 5 0 . 0 9 9 8 8 0
3 1 . 5 3 . 5 0 . 0 2 7  2 8 9 0
8 0 . 2 3 . 5 0 . 0 1 8 1 5 0
3 0 . 7 3 . 5 0 . 0 9 5 2 8 0
8 2 . 0 3 . 5 0 . 0 3 8 4 1 5 0
8 - 2 . 0 3 . 5 - 5 . 5 - 3 7 9 3 9 - 1 0 4 3 3 1
3 - 1 . 8 3 . 5 - 5 . 3 - 3 3 7 6 3 - 9 9 4 2 8
8 - 1 . 2 3 . 5 - 4 . 7 - 1 7 9 6 6 - 7 0 3 6 5
8 - 0 . 8 3 . 5 - 4 . 3 - 9 9 5 5 - 5 3 5 0 9
3 0 . 5 3 . 5 0 . 0 6 3 5 6 0
3 0 . 0 3 . 5 0 . 0 0 0
8 0 . 6 3 . 5 0 . 0 7 1 6 3 0
B — 1 . 0 3 . 5 - 4 . 5 - 1 5 3 2 3 - 6 5 9 7 6
3 1 . 0 3 . 5 0 . 0 1 5 1 3 2 0
8 2 . 0 3 . 5 0 . 0 3 6 5 1 2 0
3 3 . 0 3 . 5 0 . 0 6 6 3 6 3 0
8 4 . 0 3 . 5 0 . 5 9 5 5 0 5 1 1 9 3 3
A 5 . 8 0 . 0 5 . 8 1 5 8  96  9 1 5 6 9 6 7
A 2 . 0 0 . 0 _ 2 . 0 1 7 3 0 4 4 1 7 3 0 4 2
A 0 . 5 o • o 0 . 5 5 2  7 4 9 3 2 7 4 7
T OT AL MEASURED MASS OF F I L L ALONG P R O F I L E  NO. Y
DEP T H GROUP A 35 3 5 5 8 M E T R I C  TONS
DEP T H GROUP B 1 9 9 1 0 9 M E T R I C  TONS
DEPTH GROUP C 0 M E T R I C  TONS
TOTAL MASS 5 5 7 6 6 7 M E T R I C  TONS
MINIMUM MASS 3 F F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . Y
DEP TH GROUP A 3 5 3 5 5 3 M E T R I C  TONS
DEPTH GROUP B - 3 8 4 6 7 0 M E T R I C  TONS
D EP TH GROUP C 0 M E T R I C  TONS
T OTAL MASS - 2 6 1 1 7 M E T R I C  TONS
174.
DISTANCE UPRIVER = 6 7 . 6 9 PROFILE SEGMENT NO. RR 3 6
D E P T H D E P T H ERROR D E P T H M E A S U R E D M I N I M U M
j RQ UP C H A N G E TERM - E R R O R F I L L F I L L
C F T ) C F T ) C F T ) C M TON S ) C M T Q N S )
A 0 . 5 0 . 0 0 . 5 8 6 7 0 5 6 7 0
A 1 . 0 0 . 0 1 . 0 1 5 5 0 3 1 5 5 0 2
A 0 . 5 0 . 0 0 . 5 8 7 9 4 8 7 9 4
A 1 . 5 0 . 0 1 . 5 3 5 9 4 7 3 5 9 4 6
A 1 . 0 0 . 0 1 . 0 1 5 7 2 1 1 5 7 2 0
8 2 . 0 3 . 5 0 . 0 4 0 4 3 6 0
3 3 . 0 3 . 5 0 . 0 8 6 8 0 8 0
8 3 . 0 3 . 5 0 . 0 3 0 7 0 6 0
8 3 . 0 3 . 5 0 . 0 8 7 8 7 8 0
B - 0 . 5 3 . 5 - 4 . 0 - 7 5 3 2 - 6 0 2 5 5
B 0 . 0 3 . 5 0 . 0 0 0
8 - 1 . 0 3 . 5 - 4 . 5 -  1 6 2 0 0 - 7 2 9 0 1
A - 1 . 0 0 . 0 - 1 . 0 -  1 7 8 1 4 - 1 7 8 1 4
A 0 . 7 0 . 0 0 . 7 1 1  75 1 1 1 7 5 1
A 0 . 3 0 . 0 0 . 3 4 1 7 3 4 1 7 3
A 1 . 0 0 . 0 1 . 0 18  1 4 1 1 8  14  1
A 1 . 2 0 . 0 1 . 2 2 3 3 8 1 2 3 3 8 0
8 0 . 5 3 . 5 0 . 0 8 0 9 2 0
B 2 . 0 3 . 5 0 . 0 5 1 3 7 8 0
8 3 . 8 3 . 5 0 . 3 1 3 2 1 4 6 1 0 4 3 2
A 3 . 0 0 . 0 3 . 0 9 6 2 2 7 9 6 2 2 6
A 1 . 5 0 . 0 1 . 5 9 6  9 4  0 9 6 9 2 9
A 0 . 0 0 . 0 0 . 0 0 0
A o • o 0 . 0 0 . 0 0 0
r OT AL M E A S U R E D MAS S OF F I L L ALONG P R O F I L E  N O . R R 8 6
D E P T  8 GROUP A 3 1 7 4 3 4 M E T R I C  TONS
D E P T H GROUP 8 * 6 3 7  12 M E T R I C  TONS
DE P T H GROUP C 0 M E T R I C  TONS
T O T A L MASS 7 8 1 1 4 6 M E T R I C  TONS
H I N I M U M  MASS OF F I L L  C A L C U L A T E D  AL ONG P R O F I L E  N O . RR S o
D E P T H GROUP A 3 1 7 4 3 0 M E T R I C  TONS
D E P T H GROUP e - 1 2 2 7 2 3 M E T R I C  TONS
D E P T8 GROUP C 0 M E T R I C  TONS
T OT AL MASS 1 9 4 7 0 6 M E T R I C  TONS
175.
DISTANCE UPRI  V£R = 6 9 . 8 9 __________PROFILE SEGMENT NO . RR85
D E P T H D E P T H E RROR C E P T H ME A S U R E D MINIMUM
GROUP C H A N G E T ERM - E R R O R F I L L F I L L
C F T ) C F T ) C F T ) C M T O N S ) C M T O N S )
A 0 .  7 0 . 0 0 .  r 2 6 3 6 0 2 6 3 5 9
A 2 . 0 0 . 0 2 . 0 9 3 7 7  7 9 3 7 7 6
A 2 . 0 0 . 0 2 . 0 9 1 8 7 4 9 1  S 7 3
A 1 . 2 0 . 0 1 . 2 4 4 3 6 4 4 4 5 & 4
A 2 . 0 0 . 0 2 . 0 9 5 5 6 1 9 5 5 6 0
A 1 . 2 0 . 0 1 . 2 4 3 4 0 5 4 3 4 0 5
A 3 . 0 0 . 0 3 . 0 3 8 9 4 8 6 8 9 4 7
A 2 . 8 0 . 0 2 . 3 7 7 2 0 6 7 7 2 0 5
3 2 . 0 3 . 5 0 . 0 4 6 5 0 2 0
8 2 . 0 3 . 5 0 . 0 4 7 93 9 0
3 3 . 0 3 . 5 0 . 0 3 3 1 6 8 0
9 1 . 3 3 . 5 0 . 0 2 6 1 1 8 0
8 3 . 0 3 . 5 0 . 0 8 5 7 3  7 0
A A .  0 0 . 0 4 . 0 1 2 6 1 4 1 1 2 6 1 4 0
A 2 . 5 0 . 0 2 . 5 6 0 5 2 2 6 0 5 2 1
A 3 . 0 0 . 0 3 . 0 8 6 1 6 5 8 6  1 6 4
a : 3 . 0 0 . 0 3 . 0 9 7 9 8 5 3 7 9 3 4
A 3 . 5 0 . 0 3 . 5 1 0 9 0 3 4 1 0 9 0 3 2
A 4 . 0 0 . 0 4 . 0 2 1 5 2 3 7 2 1 5 2 3 5
A 4 . 5 0 . 0 4 . 5 2 5 7 4 2 6 2 5 7 4 2 2
A 3 . 2 0 . 0 3 . 2 1 6 9 1 0 7 1 6 9 1 0 5
A 2 . 2 0 . 0 2 . 2 1 0 1 4 4 3 1 0 1 4 4 7
A 2 . 0 0 . 0 2 . 0 8 4 6 7  9 3 4 6 7 8
A 2 . 0 0 . 0 2 . 0 3 3 5 4 4 8 8 5 4 3
A 2 . 0 0 . 0 2 . 0 3 6 7 6 0 3 6  7 5 9
A 2 . 0 0 . 0 2 . 0 3 4 2 6 2 8 4 2 6 1
A 2 . 0 0 . 0 2 . 0 9 1 6 9 6 9 1 6 9 4
A 1 . 0 0 . 0 1 . 0 1 9 0 9 3 7 1 9 0 9 3 5
T O T A L  M E A S U R E D MASS OF F I L L  ALONG P R O F I L E  N O . R R 8 5
D E P T H GROUP A 2 4 0 1 4 3 9  M E T R I C  TONS
OE P T H GROUP 0 2 8 9 5 1 4  M E T R I C  TONS
D E P T H GROUP c 0 m e t r i c  TONS
T O T A L MAS S 2 6 9 0 9 5 3  M E T R I l  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . R R 8 5
D E P T H GROUP A 2 4 0 1 4 0 7  M E T R I C  TONS
D E P T H GROUP on 0 M E T R I C  TONS
D E P T H GROUP C 0 M E T R I C  TONS
T O T A L H A S S 2 4 0 1 4 0 7  M E T R I C  TONS
176.
DISTANCE UPRIVER = 7 1 . 7 9 PROFILE SEGMENT NO, RR 8 A
D E P T H  D E P T H ________ E R R OR  D E P T H  ME A S U R E D __________ M I N I M U M
GROUP CHAN GE
C F T )
TERM
C F T )
- E R R O R
C F T )
F I L L  
C M T O N S )
F I L L  
CM T O N S )
A
0
 •1 o • o
0
 ■1 - 2 3 1 1 2 - 2 3 1 1 2
A ' 0 . 0 0 . 0 0 . 0 0 0
8 - 0 . 2 3 . 5 - 3  .  7 - 3 5 7 6 - 6 6 1 6 3
a - 1 . 3 3 . 5 - 4 . 8 - 3 8 4 3 3 - 1 4 1 9 0 5
3 - 2 . 0 3 . 5 - 5 . 5 -  7 3 2 6 1 - 2 0 1 4 6 6
8 0 . 0 3 . 5 0 . 0 0 0
a 2 . 0 3 . 5 0 . 0 7 3 5 5 9 0
8 4 . 0 3 . 5 0 . 5 1 8 3 6 6 3 2 2 9 5 8
8 4 . 2 3 . 5 0 . 7 1 9 4 4 0 9 3 2 4 0 1
8 4 . 5 3 . 5 1 . 0 2 2 1 5 6 8 4 9 2 3 7
3 3 . 5 3 . 5 0 . 0 1 6 0 A 3 0 0
A 4 . 0 0 . 0 4 . 0 1 7 2 0 9 6 17  2 0 9 4
A 5 . 0 0 . 0 5 . 0 2 2 8 3 8 1 2 2 3 3 7 8
A 4 . 5 0 . 0 4 , 5 2 1 4 9 6 7 2 1 A 9 6  A
A 4 .  0 0 . 0 4 . 0 1 7 1 7 8 4 1 7 1 7 8 1
A 3 . 6 0 . 0 3 . 6 1 6 2 8 0 4 1 6 2  3 0 2
A 2 . 7 0 . 0 2 . 7 1 0 2  7y  0 1 0 2 ^ 8 8
A 4 . 0 0 . 0 4 . 0 1 6 5 8 4 4 1 6 5 3 4 2
A 0 . 0 0 . 0 0  . 0 0 0
A - 2 . 0
o•o - 2 . 0 - 2 2 6 5 6 3 - 2 2 6 5 6 0
T O T A L ME A S U R E D MAS S OF F I L L ALONG P R O F I L E  N O . RR B4
D E P T H GROUP A 9 6 8 9  91 M E T R I C  T O N S
D E P T H GROUP 8 7 1 3 3 5 8 M E T R I C  TONS
D E P T H GROUP C 0 M E T R I C  TONS
T OT A L MASS 1 6 8 7 3 4 8 M E T R I C  TONS
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG PRO F I L E  N O . R R 8 4
D E P T H GROUP A 9 6 8 9 7 Q M E T R I C  TONS
D E P T H GROUP 8 - 3 0 4 9 3 8 M E T R I C  TONS
D E P T H GROUP C 0 M E T R I C  TONS
T OT A L MASS 6 6 4 0 3 9 M E T R I C  TONS
177.
DISTANCE UPRIVER = 7 3 . 8 9 _________ PROFILE SEGMENT NO. U«
O E P T H O E P T H ERROR D E P T H MEAS U R E D M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
T F T ) ( F T ) ( F T ) C M T O N S ) CMTQNS )
A - 1 . 3 0 . 0 - 1 . 3 - 7 4 5 0 7 - 7 4 5 0 6
A - 1 . 2 0 . 0 - 1 . 2 - 1 3 1 7 8 5 - 1 3 1 7 8 3
A - 0 . 5 0 . 0 - 0 . 5 -  1 6 0 8 7 -  1 6  0 8/7
A - 0 . 5 0 . 0 - 0  . 5 - 1 1 2 4 6 - 1 1 2 4 6
3 0 . 0 3 . 5 0 . 0 0 0
3 1 . 3 3 . 5 0 . 0 3 2 7 1 8 0
3 2 . 3 3 . 5 0 . 0 6 2 6 1 4 0
3 1 - 7 3 . 5 0.0 9 0 7 3 5 0
3 1 . 5 3 . 5 0 . 0 7 2 7 6 4 0
3 3 . 0 3 . 5 0 . 0 1 4 9 8 6 1 0
B 4 . 0 3 . 5 0 . 5 1 9 7 0 2 2 2 & 82  7
8 5 . 0 3 . 5 1 . 5 2 2 9 5 7 9 6 8 8 7  3
A 3 . 0 0 . 0 3 . 0 1 0 9 6 8 4 1 0 9 6 8 2
A 2 . 5 0 . 0 2 . 5 5 3 9 1 5 5 3 9 1 5
A 0 . 4 0 . 0 0 . 4 1 7 5 0 8 1 7 5 0 8
A - 1 . 2
o•o - 1 . 2 -  8 7 3 0 6 - 5 7 3 0 5
T O T A L MEAS U R E D MASS OF F I L L AL ONE P R O F I L E  N O . U»
D E P T H GROUP A - 1 3 9 6 2 5 M E T R I C  TONS
D EP TH GROUP 0 8 3 5 2 9 3 M E T R I C  TONS
DEPTH GROUP C 0 M E T R I C  TONS
TOTAL MASS 6 9 5 6 6 8 M E T R I C  TONS
M I N I M U M  MASS O f F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . U •
DEP TH GROUP A - 1 3 9 6 2 3 M E T R I C  TONS
DEP T H GROUP 8 9 3 5 0 0 M E T R I C  TONS
DE P T H GROUP C 0 M E T R I C  TONS
TOT AL MASS - 4 6 1 2 3 M E T R I C  TONS
178.
DISTANCE UPRIVER = 7 4 , 1 1 _________ PROFILE SEGMENT NO* HR B 3
D E P T H D E P T H ERROR D E P T H ME A S UR £ D M I N I M U M
CROUP C H AN G E TERM - E R R O R F I L L F I L L
( F T ) ( F T ) ( F T ) ( M T O N S ) ( M T O N S )
A 0 . 5
o•o 0 . 5 6 94  7 6 9 4 7
A 1 . 8 0 . 0 1 . 8 5 0 9 5 0 5 0  9 4 9
A 4 . 0 0 . 0 4 . 0 8 3 0 3 0 3 3 0 2 8
A 5 . 0 0 . 0 5 . 0 9 1 6 3 2 9 1 6 3 1
8 5 . 5 3 . 5 2 . 0 1 1 1 9 1 0 4 0 6 9 4
8 3 . 5 3 . 5 0 . 0 6 7 0 9 4 0
8 2 . 5 3 . 5 0 . 0 4 8 7 5 0 0
8 2 . 5 3 . 5 0 . 0 4 6 5 7 6 0
8 3 . 0 3 . 5 0 . 0 6 5 2 6 8 0
3 4 . 3 3 . 5 0 . 3 9 2 0 8 2 1 7  1 3 1
6 6 . 0 3 . 5 2 . 5 1 4 1 3 1 7 5 8 3 8 1
A 4 . 5 0 . 0 4 . 5 9 9 7 0 6 9 9 7 0 4
A 3 . 8 0 . 0 3 . 8 8 8 0 3 1 8 3 0 3 0
A 3 . 0 0 . 0 3 . 0 2 4 8 9 2 2 2 4 8 9 1 9
A 4 .  8 0 . 0 4 . 8 4 2 2 4 4 2 4 2 2 4 3 6
A 2 . 0
o•o 2 . 0 7 7 8 7 7 7 6 7
T O T A L MEASURED MASS OF F I L L ALONG P R O F I L E  N O . RR 8 3
DEPTH GROUP A 1 0 9  9 4 4 6 M E T R I C  TONS
OEPTH GROUP 8 5 7 2 9 9 6 M E T R I C  TONS
DEPTH GROUP C 0 M E T R I C  TONS
TOTAL MASS 1 6 7 2 4 4 2 M E T R I C  TONS
M I N I M U M  N A S S OF F I L L  C A L C U L A T E D  ALONG P R 3 F I L E  N O . RR 3 3
D E P TH GROUP A 1 0 9 9 4 3 2 M E T R I C  TONS
DEPTH GROUP 8 1 1 6 7 0 7 M E T R I C  TONS
DEPTH GROUP C 0 M E T R I C  TONS
TOTAL MASS 1 2 1 6 1 3 8 M E T R I C  TONS
179.
DISTANCE UPRIV£ R = T 5 . 3 4 _________ PROFILE SEGMENT NO._______ T
DEPTH DEPTH ERROR OEPTH MEASURED M I N I M U M
GROUP CHANGE TERM -ERROR F I L L F I L L
( F T ) ( F T ) C F T ) ( M T O N S ) ( M T O N S )
A
0
 •1
o•o i
0
 •
K)1 - 9 7 8 4 6 - 9 7 6 4 5
A - 1 . 7 0 . 0 - 1 . 7 - 7 6 1 4 8 — 7 & 14 7
A 0 . 0 0 . 0 0 . 0 0 0
A 1 . 0 0 . 0 1 . 0 2 4 3 4 9 2 4 3 4 8
8 2 . 0 3 . 5 0 . 0 6 0 5 9 8 0
8 2 . 0 3 . 5 0 . 0 6 1 2 3 5 0
8 1 . 0 3 . 5 0 . 0 2 4 8 4 0 0
8 2 . 8 3 . 5 0 . 0 9 6 8 6 0 0
8 3 . 5 3 . 5 0 . 0 1 2 8 9 1 5 0
8 A .  0 3 . 5 0 . 5 1 5 5 7 3 3 1 9 4 6 7
8 3 . 8 3 . 5 0 . 3 1 4 8 3 1 6 1 1 7 0 9
3 4 . 0 3 . 5 0 . 5 1 6 6 3 6 7 2 0 7 9 6
B 3 . 8 3 . 5 0 . 3 1 6 2 5 5 2 1 2 3 3 3
A 3 . 0 0 . 0 3 . 0 1 3 7  7 1 3 1 3 7 7 1  1
A 0 . 3 0 . 0 0 . 3 1 2 3 2 5 1 2 3 2 4
A 1 . 0 0 . 0 1 . 0 5 4 0 9 8 5 4 0 9 7
A 1 . 0 0 . 0 1 . 0 6 6 4 0 2 6 6  4 0 2
A 0 . 7 0 . 0 0 . 7 3 9 0 9 3 3 9 0 9 2
A 0 . 7 0 . 0 0 . 7 4 2 2 0 0 42  1 9 9
A 0 . 7 0 . 0 0 . 7 2 6 6 4 5 2 6 6 4 5
A 1 . 5 0 . 0 1 . 5 i  1 4 6 6 5 1 1 4 6 6  3
A 1 . 2 0 . 0 1 . 2 9 1 6 0 0 9 1 5 9 9
A 1 . 3 0 . 0 1 . 3 1 0 3 6 6 2 1 0 3 6 6 1
A 1 . 3 0 . 0 1 . 3 1 1 0 1 4 1 1 1 0 1 4 0
A 1 . 3 0 . 0 1 . 3 1 6 9 3 2 3 1 6 9 8 2 6
A 0 . 2 o • o 0 . 2 1 2 0 1 6 1 2 0 1 5
r O T A L  MEASURED MASS OF F I L L  ALONG P R O F I L E  NO. T
DEP TH GROUP A 8 3 0 7 4 3  M E T R I C  TONS
OEPTH
DEPTH
GROUP
GROUP
B
C
1 0 0 5 4 2 1  M E T R I C  TONS  
0 M E T R I C  TONS
TOT AL MASS 1 8 3 6 1 6 4  M E T R I C  TONS
H I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . T
DEPTH
DEP TH
GROUP
GROUP
A
B
8 3 0 7 3 2  M E T R I C  TONS  
6 4 8 0 5  M E T R I C  TONS
DE ^ T H GROUP C 0 M E T R I C  TONS
TOTAL MASS 8 9 5 5 3 6  M E T R I C  TONS
180.
DISTANCE UPRIVER = 7 7 , 2 3 PROFILE SEGMENT NO. RR32
D E P T H D E P T H ERROR D E P T H MEASURED M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L f i l l
( F T ) C F T ) C F T ) ( M T O N S ) ( M T O N S )
A
o* o•o 4 . 0 2 7 0 8 0 9 2 7 0 8 0 5
A 3 . 0 0 . 0 3 . 0 1 9 4 1 4 6 1 9 4 1 4 3
A 7 . 0 0 . 0 7 . 0 2 9 7 6 7 6 2 9 7 6 7  2
A 6 . 5 0 . 0 & . 5 2 4 6 2 7 2 2 4 6 2 6 8
3 ^ . O 3 . 5 3 . 5 3 0 0 6 8 9 1 5 0 3 4 2
8 6 . 0 3 . 5 2 . 5 2 4 3 1 5 6 1 0 1 3 1 3
3 6 . 0 3 . 5 2 . 5 2 3 1 8 4  0 9 6 5 9 9
3 4 . 0 3 . 5 0 . 5 1 5 4 0 4 4 1 9 2 5 5
3 5 . 0 3 . 5 1 . 5 1 9 5 8 4 1 5 8 7 5 1
3 5 . 0 3 . 5 1 . 5 2 0 4 4 2 5 . 6 1 3 2 7
3 6 . 0 3 . 5 2 . 5 2 5 4 9 7 4 1 0 6 2 3 8
3 1 0 . 0 3 . 5 6 . 5 4 5 3 1 3  3 2 9 4 5 3 5
3 7 . 0 3 . 5 3 . 5 3 0 0 0 6 6 1 5 0 0 4 1
A 0 . 0 0 . 0 0 . 0 0 0
A 4 . 0 0 . 0 4 . 0 1 6 4 0 5 6 5 1 6 4 0 5 4 3
T O T A L  MEA S U R E D MASS OF F I L L  ALONG P R O F I L E  NO. R R 3 2
DEPTH
D E P T H
GROUP
GROUP
A
8
2 6 4 9 4 6 7  M E T R I C  TONS 
2 3 3 8 1 9 1  M E T R I C  TONS
OEPTH GROUP C 0 M E T R I C  TONS
TOTAL  
M I N I M U M  H A S S  OF
MASS
F I L L
4 9 8 7 6 5 8  M E T R I C  TONS  
C A L C U L A T E C  ALONG P R O F I L E  N O . R R 5 2
DEPTH GROUP A 2 6 4 9 4 3 2  M E T R I C  TONS
OEPTH
DEPTH
GROUP
GROUP
8
C
I C 3 8 4 0 2  M E T R I C  TONS  
0 M E T R I C  TONS
TOTAL MASS 3 6 8 7 3 3 4  M E T R I C  TONS
181.
D I S T A N C E  U P R I V E R = 7 8 . 5 0 P R O F I L E S E G M E N T  N O . r?
D E P T H D E P T H ERROR O E P T H m e a s u r e d M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
C F T ) ( F T  > ( F T ) ( M T O N S ) ( M T O N S  )
A - 1 . 5 o • o - 1 . 5 - 2 2  0 7 9 - 2 2 0 7 8
A - 1 . 0 0 . 0 - 1 . 0 - 2 8 1 0 3 - 2 8 1 0 3
A - 4 . 0 0 . 0 - 4 . 0 - 2 3 1 3 7 4 - 2  3 1 3 7 0
3 - 7 . 5 3 . 5 - 1 1 . 0 - 5 2 3 2 9 5 - 7 6 7 4 9 0
_3.......... - 1 . 9 3 . 5 - 5 . 4 - 1 2 7 6 6 7 - 3 6 2 8 3 8
C 3 . 0 3 . 5 0 . 0 7 0 4 5 8 0
C 5 . 0 3 . 5 1 . 5 1 2 5 1 7 0 3 7 5 5 1
c 1 0 . 0 3 . 5 6 . 5 2 9 7 0 7 8 1 9 3 0 9 8
3 1 0 . 0 3 . 5 6 . 5 3 0 0 8 3 8 1 9 5 5 4 2
3 7 . 0 3 . 5 3 . 5 I  9 7  3 4 6 9 5 6 7 2
A 5 . 0 0 . 0 5 . 0 1 0 9  0 0 0 1 0 3 9 9 9
A 2 . 2 0 . 0 2 . 2 8 8 4 6 3 6 8 4 6 2
A 0 . 5 0 . 0 0 . 5 1 3 8 4 5 1 3 6 4 5
A 1 . 3 0 . 0 1 . 3 4 7 7 0 1 4 7 7 0 0
A 1 . 2 0 . 0 1 . 2 4 2 7 5 4 4 2 7 5 3
A 0 . 5 o . o 0 . 5 1 4 6 9 5 1 4 6 9 5
A 0 . 5 0 . 0 0 . 5 14  9 2 9 14 92  9
A 0 . 5 0 . 0 0 . 5 1 5 2 6 2 1 5 2 6 2
A 0 . 5 0 . 0 0 . 5 1 7 5 4 1 1 7 5 4 0
T O T A L  ME A S U R E D MASS OF F I L L  ALONG P R O F I L E  NO. R
DE P TH  
0 £ *  T H
GROUP
GROUP
A
8
8 2 6 3 4  M E T R I C  TONS  
- 1 5 2 7 7 3  M E T R I C  TONS
DEPTH GROUP C 4 9 2 7 0 6  M E T R I C  TONS
TOTAL  
M I N I M U M  MASS OF
MASS
F I L L
4 2 2 5 6 2  M E T R I C  TONS  
C A L C U L A T E C  ALONG P R O F I L E  N O . 9
DEPTH GROUP A 8 2 6 3 3  M E T R I C  TONS
DEPTH
DEPTH
GROUP
GROUP
3
C
- 6 3 6 1 1 3  M E T R I C  TONS  
2 3 0 6 4 9  M E T R I C  TONS
TOTAL MASS - 5 2 2 3 3 2  M E T R I C  TONS
182.
DISTANCE UPRIVER = 7 9 . 1 2 PROFILE SEGMENT NO. RR31
D E P T H  D E P T H  ERROR O E P T H  M E A S U R E D  . M I N I M U M
GROUP C H A N G E
( F T )
TERM
( F T )
- E R R O R
( F T )
F I L L
( M T O N S )
F I L L
( M T O N S )
A
0
 •1
o•© 0 •
nV1 - 1 2 1 3 6 9 - 1 2 1 3 6 7
A - 1 . 0 0 . 0 - 1 . 0 -  3 3 5 3 3 - 3 3 5 3 3
B - 3 . 0 3 . 5 - 6 . 5 - 7 4  1 0 2 - 1 6 0 5 5 3
C 0 . 0 3 . 5 0 . 0 0 0
C 6 . 0 3 . 5 2 . 5 1 6 3 6 9 6 6 3 2 0 6
c 5 . 0 3 . 5 1 . 5 1 3 1 9 5  8 3 9 5 3 7
c 5 . 0 3 . 5 1 . 5 1 1 9 7 8 0 3 5  3 3 4
a 5 . 0 3 . 5 1 . 5 1 5 0 7 2 3 4 5  2 1 6
8 3 . 0 3 . 5 0 . 0 7 0 5 6 3 0
A 4 . 0 0 . 0 4 . 0 1 0 5 6 7 4 1 0 5 6 7 3
A 3 . 0 0 . 0 3 . 0 1 7 7 1 3 9 1 7 7 1 3 7
A 2 . 0 0 . 0 2 . 0 1 1 4 8 9 6 1 1 4 3 9 4
A 2 . 0 0 . 0 2 . 0 1 1 9 8 5 1 1 1 9 5 4  9
A 2 . 0 0 . 0 2 . 0 1 1 5 9 5 7 1 1 5 9 5 6
A 2 . 0 0 . 0 2 . 0 I  1 9 9 9 3 1 1 9 9 9  1
A 2 . 0 0 . 0 2 . 0 1 2 3 8 1 5 1 2 3 6 1 4
A 1 . 8 0 . 0 1 . 3 1 0 5 3 3 6 1 0 5 3 8 5
A
CM•CM o•o 2 . 2 3 5 1 0 2  7 3 5 1 0 2 2
T O T A L M E A S U R E D MAS S OF F I L L ALONG P R O F I L E  N O . R R 3 1
D E P T H GROUP A 1 1 7 8 3  36 M E T R I C  TONS
D E P T H GROUP B 1 4 7 1 9 0 M E T R I C  TONS
. D E P T H GROUP C 4 1 5 4  2 A M E T R I C  TONS
T O T A L MASS 1 7 4 1 4 6 0 M E T R I C  TONS
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . RR3 1
D E P T H GROUP A 1 1 7 8 8 2 0 M E T R I C  TONS
D E P T H GROUP S - 1 1 5 3 3 7 M E T R I C  TONS
D E P T H GROUP C 1 4 3 7 2 6 M E T R I C  TONS
T OT A L M AS S 1 2 0 7 2 1 0 M E T R I C  TONS
183.
DISTANCE UPRIVER = 8 1 * 1 1 __________PROFILE SEGMENT NO, RR 5 Q
D E P T H D E P T H ERROR D E P T H ME ASURED Ml  M I  MUM
GROUP CHANGE TERN - E R R O R F I L L F I L L
< F T ) C FT  J CF TO i M T 0 N S J C MTON 5 )
A 1 . 0 o * o 1 . 0 7 3 3 3 4 7 3 3 3 3
A 3 . 0 0 . 0 3 . 0 1 0 8 2 2 7 1 0 8 2 2 6
A 4 . 0 0 . 0 4 . 0 2 8 6 5 2 2 8 6 5 2
C 3 . 0 3 . 5 0 . 0 1 0 9  77 9 0
c 4 . 6 3 . 5 1 . 3 1 8 2 8 6 8 4 9 5 2 6
c 5 . 0 3 . 5 1 . 5 1 9 1 4 4 9 5 7 4 3 4
c 5 .  1 3 . 5 1 . 6 1 9 4 2 6 0 6 0 9 4 3
A 4 . 6 0 . 0 4 . 6 1 7 1 1 2 7 1 7 1  1 2 5
A 3 . 0 0 . 0 3 . 0 1 0 7 2 3 3 1 0 7 2 3 2
A 1 . 5 0 . 0 1 . 5 87259 8 7 2 5 7
A 1 . 5 0 . 0 1 . 5 8 7 2 5 9 3 7 2 5 7
T O T A L  MEASURED MASS OF F I L L  ALONG P R O F I L E  N O . R R 3 0
DEP TH GROUP A 6 6 3 0 9 1  M E T R I C  TONS
DEPTH .GROUP 0 0 M E T R I C  TONS
DEP TH GROUP C 6 7 7 3 5 6  M E T R I C  TONS
TOTAL MASS 1 3 4 0 4 4 6  M E T R I C  TONS
M I N I M U M  MASS O f F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . RR 3 0
DEPTH GROUP A 6 6 3 0 8 2  M E T R I C  TONS
DEPTH GROUP 3 0 M E T R I C  TONS
DEPTH GROUP C 1 6 7 9 0 3  M E T R I C  TONS
TOTAL MASS 8 3 0 9 8 5  M E T R I C  TONS
184.
DISTANCE UPRIVER = 3 1 * 9 2 _________ PROFILE SEQUENT NO._______P
O E P T H O E P T H ERROR OE PT H MEASURED M I  M I  MUM
GROUP CHANGE TERM - E R R O R F I L L F I L L
C F T ) C F T ) C F T ) ( M T O N S ) CM T O N S )
A 5 . 0 o • o 5 . 0 2 4 6 3 4 8 2 4 6 5 4 5
C 6 . 0 3 . 5 2 . 5 1 5 2 6 3 2 6 3 5 9 6
C 4 . 0 3 . 5 0 . 5 8 4 2 6 2 1 0 5 3 3
C 2 . 0 3 . 5 0 . 0 4 1 6 9  r 0
C 1 . 5 3 . 5 0 . 0 2 6  1 5 6 0
C 2 . 5 3 . 5 0 . 9 5 1 3 ^ 8 0
C 4 . 0 3 . 5 0 . 5 8 3 9 5 4 1 0  4 9 4
c 1 . 8 3 . 5 0 . 0 3 3 4 5 7 0
c 1 . 0 3 . 5 0 . 0 1 6 9 2 6 0
A 2 . 0 0 . 0 2 . 0 1 1 2 0 6 4 1 1 2 0 6 2
A 1 . 0 0 . 0 1 . 0 4 5 1 7  3 4 5 1 7 3
T O T A L  MEASURED MASS OF F I L L  ALONG P R O F I L E  N O . o
DE P TH GROUP A 4 0 3 5 8 5  M E T R I C  TONS
D E P T H GROUP 8 0 M E T R I C  TONS
DE P TH GROUP C 4 9 0 4 6 4  M E T R I C  TONS
TOTAL MASS 8 9 4 0 4 9  M E T R I C  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R 3 F I L E  N O . p
DEPTH GROUP A 4 0 3 5 8 0  M E T R I C  TONS
D E P TH GROUP 8 0 M E T R I C  TONS
DEPTH GROUP C 3 4 6 2 3  M E T R I C  TONS
TOTAL MASS 4 8 3 2 0 3  M E T R I C  TONS
185.
DISTANCE UPRIVER = 3 2 , 9 7 _________ PROFILE SEGMENT NO. RR79
DEPTH D E P T H ERROR D E P TH ME ASURED M I N I M U  M
GROUP CHANGE TERM - E R R O R F I L L F I L L
( F T ) ( F T ) C F T ) ( M T O N S ) (MTONS)
A
0
 •1 o•
o
- 1 . 0 - 4 0  1 4 8 - 4  0 14 7
C 2 . 5 3 . 5 0 . 0 6 8  3 2 3 0
C 5 . 0 3 . 5 1 . 5 1 3 2 1 5 8 3 9 6 * 7
C 6 . 0 3 . 5 2 . 5 1 6 7 4 6 8 6 9 7 7 7
c 4 . 3 3 . 5 0 . 8 1 0 8 2 6 3 2 0 1 4 2
c 5 . 0 3 . 5 1 . 5 1 3 5  9 5 1 * 0 7 3 5
c 6 . 5 3 . 5 3 . 0 1 7 9 7 3 4 8 2 9 5 3
c 5 . 2 3 . 5 1 . 7 1 3 3 6 1 0 4 3 6 7 9
c 5 . 0 3 . 5 1 . 5 1 * 7 1 3 0 * * 1 3 8
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 0 0 . 0 0 . 0 0 0
T O T A L  ME ASURE D MASS OF F I L L  ALONG P R O F I L E  N O . R R 7 9
DEPTH GROUP A - 4 0 1 4 8  M E T R I C  TONS
DEP TH GROUP 6 0 METRIC TONS
DEPTH GROUP C 1 0 7 2 6 3 6  M E T R I C  TONS
T O T A . MASS 1 0 3 2 * 8 8  M E T R I C  TONS
M I N I M U M  MASS OF F I L L C A L C U L A T E D  ALONG P R O F I L E  N O . F R 7 9
DEPTH, GR OUP A__________- A P I  4 7  M E T R I C  TONS
OEPTH GROUP 8 0 M E T R I C TONS
DEPTH GROUP C 3 4 1 1 2 1 M E T R I C TONS
TOTAL MASS 3 0 0 9 7 * M E T R I C TONS
186.
DISTANCE UPRIVER = 8 4 , 4 2 PROFILE SEGMENT NO. Rft7 3
D E P T H D E P T H ERROR D E P T H MEASURED M I N I M U M
GROUP CHANGE
( F T )
TERM
( F T )
- E R R O R
( F T )
F I L L
( M T O N S )
F I L L
( M T O N S )
A - 5 . 0 0 . 0 - 5 . 0 - 2  3 4  27  8 - 2 8 4 2 7 5
B
C
7 . 0
2 . 0
3 . 5
3 . 5
3 . 5
0 . 0
2 6 2 7 2 6 
5 9 7 4 9
1 3 1 3 6 1
0
c
c
2 . 5
2 . 0
3 . 5
3 . 5
0 . 0
0 . 0
7 6 5 6 9
5 4 79 3
0
0
c
c
5 . 0
6 . 0
3 . 5
3 . 5
1 . 5
2 . 5
1 5 8 1 1 0
1 9 4 8 7 7
4 7 4 3 2  
31  1 9 7
3
3
8 . 0
5 . 0
3 . 5
3 . 5
A . 5 
1 . 5
2 5 3 9 3 3  
1 5 3  1 1 9
1 5 1 2 7 - 3
4 5 9 3 5
A 2 . 5 0 . 0 2 . 5 2 5 3 8 1 0 2 5 3 6 0  6
T O T A L ME A S U R E D MASS OF F I L L ALONG P R O F I L E  N O . R R 7 3
D E P T H GROUP A - 3 0 4 6 9 M E T R I C  TONS
D E P T H
DEPTH
GROUP 8 
GROUP C
6 3 4 7 7 8
5 4 4 0 9 7
M E T R I C  TONS  
M E T R I C  TONS
TOT AL MASS 1 1 9 3 4 0 5 M E T R I C  TONS
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . RR 7 8
D E P T H
D E P TH
GROUP A 
GROUP a
- 3 0 4 6 9
3 2 8 5 6 9
M E T R I C  TONS  
M E T R I C  TONS
DEPTH GROUP C 1 2 3 6 3 0 M E T R I C  TONS
TOT AL MASS 4 2 6 7 3 0 M E T R I C  TONS
187.
DISTANCE UPRIVER = 3 6 . 4 6 ________  PROFILE SEGMENT NO.  RR 7 7
D E P T H D E P T H ERROR D E P T H M E A S U R E D M I N I M U M
GROUP CHANGE 1 
C FT )
TERM  
t  F T  I
“ ERROR
i ' F T l
F I L L  
C M T O N S }
F I L L  
i M T O N S j
A 2 * 0 0 . 0 2 . 0 7 *  5 4 4 7 * 5 * 3
3
G
9 . 0
9 . 0
3 . 5
3 . 5
5 . 5
5 . 5
3 7 5 9 5 7
3 6 0 0 5 4
2 2 9 7 4 9
2 2 0 0 3 0
C
c
1 0 . 0
1 0 . 0
3 . 5  
3 . 5
6 . 5  
6 . 5
* 3 6 6 8 5
3 7 1 3 4 7
2 3 3 8 * 2  
2 4 1 3 7 2
c
c
5 . 0
3 . 0
3 . 5
3 . 5
1 . 5
0 . 0
1 5 8 9 0 8
8 6 6 9 2
4 7 6 7 2
0
c
B
- 3 .  5 
“ 9 . 0
3 . 5
3 . 5
- 7  . 0  
“ 1 2 . 5
- 1 1 7 4 4 7
- 3 0 2 9 6 8
- 2 3 4 8 9 1
- 4 2 0 7 8 3
A
A
- 5 . 0
0 . 0
0 . 0
0 . 0
- 5  . 0
0 . 0
- 4 0 1 2 6 *
0
- 4 0  1 2 5 9  
0
A 0 . 0 0 . 0 0 . 0 0 0
T O T A L M E A S U R E D MASS OF F I L L ALONG p r o f i l e  n o . R R 7 7
DE P TH GROUP A -  32  6 7 20 M E T R I C  TONS
DE P TH
D E P T H
GROUP B 
GROUP C
7 2 9 9 0  
1 2 9 6 2  AO
M E T R I C  TONS  
M E T R I C  TONS
TOT AL MASS 1 0 4 2 5  10 M E T R I C  TONS
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG PR3 F I L E  N O . RR 7 7
DEPTH
D E P T H
GROUP A 
GROUP B
-  32 6 7 15  
- 1 9 1 0 3 4
M E T R I C  TONS  
M E T R I C  TONS
D E P T H GROUP C 5 5 8 0 2 5 M E T R I C  TONS
T O T A L MASS 4 0 2 7 6 M E T R I C  TONS
188.
DISTANCE UPRIVER -  8 3 . 6 4 PROFILE SEGMENT NO. RR7o
D E P T H D E P T H ERROR D E P T H ME AS URE D M I N I M U M
GROUP CHANGE  
C F T  J
TERM  
I F  T J
- E R R O R
t F n
F I L L  
t  M T ONSJ
F I L L
i M T O N S J
A 2 . 0 0 . 0 2 . 0 1 7 4 0 7 8 1 7 4 0 7 5
8
3
0 . 0
- 1 . 0
3 . 5
3 . 5
0 . 0
- 4 . 5
0
- 3 4 1 6 9
0
- 1 5 3 7 5 3
B
3
4 . 0
7 . 5
3 . 5
3 . 5
0 . 5  
4 . 0
1 9 5 1 7 3
3 8 8 2 2 0
2 4 3 9 6
2 0 7 0 4 8
8
3
9 . 0
7 . 0
3 . 5
3 . 5
5 . 5
3 . 5
4 9 8 6 9 4  
3 7 5 4 0 9
3 0 4 7 5 3
1 3 7 7 0 2
3
9
6 . 0
5 . 0
3 . 5
3 . 5
2 . 5
1 . 5
3 0 3 0 0 2  
2 6 1 1 2 1
1 2 6 2 4 9  
7 3 3 3 5
8
A
3 . 0
1 . 0
3 . 5
0 . 0
0 . 0
1 . 0
1 3 3 7 3 9  
4 5 8 3 8
0
4 5 6 3 7
A 0 . 0 0 . 0 0 . 0 0 0
T O T A L MEA SU R ED MASS OF F I L L ALONG P R O F I L E  N O . PR 7 6
OEPTH GROUP A 2 1 9 9 1 5 M E T R I C  TONS
D E P T H
D E P T H
GROUP 8 
GROUP C
2 1 2 1 1 8 7
0
M E T R I C  TONS  
M E T R I C  TONS
TOTAL m a s s 2 3 4 1 1 0 2 M E T R I C  TONS
■
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . RR 7 0
DE P T H
DE P T H
GROUP A 
GROUP B
2 1 9 9 1 3
7 7 4 7 2 6
M E T R I C  TONS  
M E T R I C  TONS
D E P TH GROUP C 0 M E T R I C  TONS
TOTAL MASS 9 9 4 6  3 9 M E T R I C  TONS
189.
DISTANCE UPRIVER = 9 0 , 3 1 _________ PROFILE SEGMENT NO* RR75
D E P T H D E P T H ERROR D E P T H ME AS UR ED M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
< F T  1 C F T ) CFT1 C M T Q N S ) C MT Q N S 1
A 2 , 0
o•o 2 . 0 1 6 5 5 8 3 1 6 5 5 6 1
A 7 . 0 0 . 0 7 . 0 2 6 9 6 5 6 2 6 9 6 5 2
B 7 . 0 3 . 5 3 . 5 2 5 1 5 7 8 1 2 5 7 8 7
3 9 . 0 3 . 5 5 . 5 3 6 1 2 7  3 2 2 0 7 7 8
c 1 4 . 0 3 . 5 10 . 5 6 4 6  1 3 1 4 0 4 5 9 2
c 1 5 . 0 3 . 5 1 1 . 5 7 6 5 3 4 6 5 6 7 1 4  1
c 6 .0 3 . 5 2 . 5 2 3 0 3 3 1 9 5 9 7 0
c 9 . 0 3 . 5 5 . 5 3 8 9 4 1 3 2 3 7 9 7 2
c 7 . 0 3 . 5 3 . 5 2 9 1 6 5 0 1 4 5 8 2 3
A 0 . 0
o•o 0 . 0 0 0
T O T A L MEASUREO MASS OF F I L L ALONG P R O F I L E  N O . R R 7 5
DEPTH GROUP A 4 3 5 2  3 8 M E T R I C  TONS
DEPTH GROUP 8 6 1 2 8 5 6 M E T R I C  TONS
D E P TH GROUP C 2 3 2 3 3 7 2 M E T R I C  TONS
TOTAL MASS 3 3 7 1 4 6 6 M E T R I C  TONS
M I N I M U M  MASS OF F I L l  C A L C U L A T E D  ALONG P R O F I L E  N O . RR7 5
DEPTH GROUP A 4 3 5 2 3 3 M E T R I C  TONS
DEPTH GROUP 8 3 4 6 5 6 5 M E T R I C  TONS
DEPTH GROUP C 1 5 5 1 4 9 7 M E T R I C  TONS
TOTAL MASS 2 3 3 3 2 9 5 M E T R I C  TONS
190.
DISTANCE UPRIVER = 9 1 . 6 9 PROFILE SEGMENT NO. R R ? i *
D E P T H  D E P T H  ERROR D E P T H  M E A SU R ED  M I N I M U M
GROUP CHANGE  
( F T )
TERM
( F T )
- E R R O R
( F T )
F I L L
( M T O N S )
F I L L
( MT ONS )
A 1 . 0 0 . 0 1 . 0 2 5  27  3 2 5 2 7 2
A - 4 . 0
3 2 . 0
0 . 0
3 . 5
- 4 , 0
0 . 0
- 7 H 6 8
4 5 6 6 1
- 7 1 1 6 r
0
B 4 . 0
a  1 . 0
3 . 5
3 . 5
0 . 5  
0 . 0
1 0 0 7 4 5
1 8 9 4 7
1 2 5 9 3
0
C 3 . 0  
C 5 . 0
3 . 5
3 . 5
0 . 0
1 . 5
6 9 3 5 4
1 2 1 9 7 6
0
. 3 6 5 9 2
C 1 1 . 0  
C 1 5 . 0
3 . 5
3 . 5
7 . 5
1 1 . 5
3 4 3 6 6 2
4 9 5 6 9 1
2 3 4 3 1 2
3 8 0 0 2 4
B 5 . 0  
A - 2 . 0
3 . 5
0 . 0
1 . 5
- 2 . 0
1 3 2 5 5 7
- 3 5 7 2 9
3 9 7 6 7  
- 8 5 7 2 8
A 2 . 0 0 . 0 2 . 0 8 5 5 8 8 3 5 5 8 7
T O T A L  ME A S U R E D MASS OF F I L L ALONG P R O F I L E  N O . RR7 4
DEPTH GROUP A - 4 6 0 3 7 M E T R I C  TONS
D E P T H
DEPTH
GROUP 9  
GROUP C
2 9 7 9 1 0
1 0 3 0 6 8 2
M E T R I C  TONS  
M E T R I C  TONS
TOTAL MASS 1 2 3 2 5 5 5 M E T R I C  TCNS
M I N I M U M  MASS OF F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . RR7 A
DEPTH
D E P T H
GROUP A 
GROUP 8
- 4 6 0 3 6
5 2 3 5 9
M E T R I C  TONS  
M E T R I C  TONS
DE P TH GROUP C 6 5 0 9 2 9 M E T R I C  TONS
TOTAu MASS 6 5 7 2 5 2 M E T R I C  TONS
191.
DISTANCE UPRIVER = 9 2 . 3 6 PROFILE SEGMENT NO. RR73
D E P T H  D E P T H ________ ERROR D E P T H  M E A S U R E D __________ M I N I M U M
GROUP CHANGE
( F T )
TERM
( F T )
- E R R O R
( F T )
F I L L  
( MTO NS )
f i l l
( M T ' Q N S )
A 0 . 0 0 . 0 0 . 0 0 0
C
C
- 5 . 0
5 . 0
3 . 5
3 . 5
- 8 . 5
1 . 5
- 1 0 9 2 0 0  
1 1 3 7 9 1
- 1 3 5 6 3 7  
3 A 1 3  7
C
c
1 0 . 0
1 8 . 0
3 . 5
3 . 5
6 . 5  
1 A •  5
2 5 A 3 0 2  
5 0 9 8 8 2
1 6 5 2 9 A  
A 1 0 7 3 3
c
c
1 8 . 0
2 1 . 0
3 . 5
3 . 5
1 A •  5 
17  . 5
5 1 2 8 6 3  
5 A 2 6 8  1
A 1 3 13  A
A 5 2 2 2 8
c
A
1 5 . 0
5 . 0
3 . 5
0 . 0
1 1 . 5
5 . 0
3 5 3 5 8 5  
8 A2A 5
2 7 A 9 H
8 A 2 A A
A A .  0 0 . 0 A . 0 2 3 5 5 3 3 2 3 5 5 3 0
r  O T A L M E A S U R E D MASS OF F I L L ALONG P R O F I L E  N O . P R 7 3
D E P T H GROUP  A 3 1 9 7 7 3 M E T R I C  TONS
D E P T H
D E P T H
GROUP 8 
GROUP C
0
2 1 8 2 9 0 5
M E T R I C  TONS  
M E T R I C  TONS
T O T A L MASS 2 5 0 2 6 8 3 M E T R I C  TONS
M I N I M U M  M AS S OF F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . R R 7 3
D E P T H
D E P T H
GROUP A 
GROUP 8
31 9 7 7  A
0
M E T R I C  TONS  
M E T R I C  TONS
D E P T H GROUP C 1 5 6  A3 0 1 M E T R I C  TONS
T O T A L MASS 1 8 8  A 5 ^ 5 M E T R I C  TONS
192.
DISTANCE UPRIVER = 9 3 . 6 5 _________ PROFILE SEGMENT NO. RR72
3 E P T H D E P T H ERROR D E P T H MEASURED Ml  M I  MUM
GROUP CHANGE  
C FT  0
TERM
( F T )
- E R R O R
C F T )
F I L L
CM' TQNSl
F I L L  
C MT ON5 )
A • 2 - 0 0 . 0 2 . 0 3 9  A3 1 3 9 4 3 1
8
C
0 . 0
- 2 . 0
3 . 5
3 . 5
0 . 0
- 5 . 5
0
- 3 4 9 7 1
0
- 9 6 1 7  0
C
c
1 0 . 0
1 0 . 0
3 . 5
3 . 5
6 . 5  
6 . 5
2 3 4 5 6 0  
2 1 1 0 5  7
1 5 2 4 6 2  
I  3 7 18  5
8
A
9 . 0
2 . 3
3 . 5
0 . 0
5 . 5
2 . 3
1 9 3 6 8 7  
3 3 0 4 6
1 1 3 3 6 3
3 8 0 4 8
TOT AL MEASURED MASS OF F I L L ALONG P R O F I L E  N O . PR 7 2
0 £ P  Trl 
D E P T *
GROUP A 
GROUP 8
7 7 4 7  9 
1 9 3 6 8 7
M E T R I C  TONS  
M E T R I C  TONS
d e p  r  i GROUP C 4 1 0 6 4 5 M E T R I C  TONS
TOTAL  
H I N I M U M  H A S S  OF
MASS 6 8 1 3 1 2  M E T R I C  TONS  
F I L L  C A L C U L A T E D  ALONG P R O F I L E  N O . R R 7 2
D E P T H GROUP A 7 7 U 7 $ M E T R I C  TONS
DEPTH
DEPTH
GROUP 8 
GROUP C
1 1 3 3 6 3  
1 9 3 4 7 7
M E T R I C  TONS  
M E T R I C  TONS
TOTAL MASS______________ 38  9 3 1 8  M E T R I C  TONS
193.
DISTANCE UPRIVER = 9 4 . 5 7 PROFILE SEGMENT NO. RR71
D E P T H  D E P T  rt ERROR D EP T H MEASURED M I N I M U M
GROUP CHANGE TERM - E R R O R F I L L F I L L
i f l i _______CFT j  CFT)__________<HTQNSi.--.____-L ft TQ.NSJL
A
o•o o•o o•o 0 0
3 0 . 0 3 . 5 0 . 0 0 0
C 9 . 0 3 . 5 5 . 5 7 4 2 1 3 4 5 3 5 2
C 1 0 . 0 3 . 5 6 . 5 8 4 1 4 1 5 4 6 9 1
c 1 5 . 0 3 . 5 1 1 . 5 1 3 9 5 4 0 1 0 6  9 7  9
A 0 . 0 0 . 0 0 . 0 0 0
A 0 . 0 0 . 0 0 . 0 0 0
T OT AL  MEASURED MASS OF F I L L  ALONG P R O F I L E N O . R R 7 1
DEPTH
d e p t h
GROUP
GROUP
A
8
0 M E T R I C  
0 M E T R I C
TONS
TONS
0 E P T H GROUP C 2 9 7 3 9 3  M E T R I C TONS
M I N I M U M
T OTAL  
MASS OF
MASS
F I L L
2 9 7 8 9 3  M E T R I C  TONS 
C A L C U L A T E P  ALONG P R O F I L E  N O . RR7 1
DEPTH GROUP A 0 M E T R I C TONS
DEPTH
DEPTH
GROUP
GROUP
8
C
0 M E T R I C  
2 0 7 0 2 1  M E T R I C
TONS
TONS
TOTAL MASS 2 0 ^ 0 2 1  M E T R I C TONS
M AX I MUM MASS OF F I L L FOR E N T I R E  E S T U A R Y
DEPTH GROUP A 3 2 5 8 2 0 2 6  M E T R I C TONS
DEPTH
DEPTH
GROUP
GROUP
3
C
4 8 0 1 6 7 2 7  M E T R I C  
1 5 6 6 2 4 7 8 8  M E T R I C
TONS
TONS
TOTAL MASS 2 3 7 2 2 3 5 4 1  M E T R I C TONS
1 I N I M U M MASS OF F I L L FOR E N T I R E  E S T U A R Y
DEPTH GROUP A 3 2 5 8 1 5 9 2  M E T R I C TONS
DEPTH
DEPTH
GROUP
GROUP
5
C
3 1 8 5 9 8 2 9  M E T R I C  
6 2 4 9 4 6 7 7  M E T R I C
TONS
TONS
TOTAL MASS 1 2 6 9 3 6 0 9 7  M E T R I C TONS
194.
APPENDIX :F
DATA SUMMARY 
OF
SHORELINE EROSION IN  THE RAPPAHANNOCK RIVER
INCLUDING:
* Mass of sediment lost or gained in profile segments
* Mass of sediment lost or gained in f> km* segments
*  Textural characteristics of shore and shoal sediments
195.
, Summary of shoreline erosion data for the Rappahannock River, 
Virginia* Mass of sediment gained (+) or lost (-) represents 
shoreline change over a 61+ year period* Units 8 x 10° metric 
tons ( Modified from Byrne and Anderson 197I+).
Profile
^Distance Upriver South Shore * North Shore * Total
(kilometers ) — — —
1 / -1 .75 -  1.5 - 1.213 (-*037) -  3.810 -  5.023
2/  1.5 -  1*.1 - 2.552 (-.537 ) + .11+3 -  2.I+09
3 / U.1 -  6.1 2.125 + .232 -  1.893
1*/ 6.1 -  8.9 - .200 (+.070) + .081 -  .119
5 / 8.9 -  11.8 - .516 (-.9 1 0 ) -  .967 -  1.I+83
v i i / 11.8 -  13.7 — .165 -  .103 -  .268
6 / 13.7 -  15.8 - 1.9U7 -  .61*0 -  2.587
v i /  15.8 -  18.3 - 1.131+ -  .021+ (-1+.377) -  1.158
97/ 18.3 -  21.7 3.561+ -  1.139 -  1+.703
96/ 21.7 -  27.0 - 3.059 (-.5 5 6 ) -  2.050 -  5.109
95 / 27.0 -  32.5 — 1.652 -  2.711 -  I+.363
91*/ 32.5 -  37.8 1.271 (■*.111) — .1+66 (+.01+8) -  1.737
93/ 37.8 -  1*2.0 - 2.800 -  1.161+ -  3.961+
92 / 1*2.0 -  1*6.3 - 9.897 -  1.027 -  10.921+
91 / 1*6.3 -  50.9 6.O63 -  .1+39 -  6.502
90 / 50.9 -  51*. 6 + .097 -  .788 -  .691
89 / 5U.6 -  57.5 + .1+21 + .011 (+ .113) + .1+32
VIHISP/ 57.5 -  59.2 - .191+ -  1.166 -  1.360
CC/ 59.2 -  60.8 0 -  .583 -  .583
88/ 60.8 -  61.2 - .170 -  .583 -  .753
* Figures in parentheses show the magnitude of shoreline change in some 
tributaries of the Rappahannock River, in metric tons x 10®* Caution 
is advised in interpreting the tributary erosion as the data do not 
represent a comprehensive inventory of shoreline change within the 
tributaries ( refer to text)*
(continued)
Profile Segment/
Distance Upriver South Shore North Shore Total
(kilometers)
S B / 61.2 -  62.5 -  . 11+6 - .583 -  .729
AA'/ 62 .5 - 63.5 -  .259 - .278 -  .537
87/ 63.5 -  63. 6) -  .130 mm .278 -  . 1+08
A */ 63.8 -  61*.65
Z /  61*. 6 ■ 66.1 -  .1+35 .157 -  .592
Y /  66.1 -  67.5 -  .1+27 .081 -  .508
86/  67.5 -  69.0 -  *61+0 - . 21+8 -  .888
85 / 69.0 -  71.0 .320 .1+10 -  .73 0
81*/ 71.0 -  73-0 -  .959 - .008 -  .967
0 /  73.0 -  7l*.0 -  . 621+ - .027 -  .651
83/  71*. 0 -  75.0 -  1.21+7 - .073 -  1.320
T /  75.0 -  76.3 -  1.312 .019 -  1.331
82/  76.3 -  77.9 -  1.1+72 - .035 -  1.507
H /  77.9 -  78.8 -  .181 - . 011+ -  .195
81/  78.8 -  80.0 -  .181 - .011+ -  .195
80/ 80.0 -  81.6 -  .523 — .011+ -  . 537
P /  81.6 -  82.5 -  .027 0 -  .027
7 9 / 82.5 -  83.9 -  .108 0 -  .108
7 8 / 83.9 -  85.6 -  .132 0 -  .132
77 / 85.6 -  87.6 -  .262 0 -  .262
76/  87.6 -  89*9 -  . 31+0 0 -  .31+0
75 / 89.9 -  91.2 -  .591+ - .091 -  .685
71*/ 91.2 -  92.6 -  .197 - .062 -  .259
73/  92.6 -  93.1* -  .197 .030 -  .227
7 2 / 93.1* -  91*.0 -  .197 0 -  .197
71 / 91*.0 -  95.0 -  .003 0 -  .003
Total South Shore North Shore Total
-  1+8.917 . 19.616 -  68.532( —2.081) (—1+.216) .297)
Shoreline erosion data from Table , reorganized into 
5 kilometer segments* Mass of sediment gained (+) or 
lost (-) in mstrio tons x 10®.
Profile Nos. Distance 
Upriver (km.)
South Shore North Shore Total
1,2 ,3 . o - 5 -  U.72 -  3.56 -  8.28
3»4«5_ 5 - 1 0 -.1 .5 7 -  0.16 -  1.72
5 ,V II,6_ 10 -  15 -  1.70 -  1.10 -  2.79
6 ,V I,97 15 -  20 -  3.66 -  0.81* -  U.l+9
97,96 20 -  25 -  3.68 -  1.85 -  5.53
96,95 25 -  30 -  2*06 -  2.25 -  1+.31
9 $ , 9 k 30 -  35 -  1.35 -  1.1+5 -  2.80
94,93 35 -  40 -  2.11+ -  0.86 -  3.00
93,92 40 - 45 -  8.21+ -  1.27 -  9.51
92,91 45 -  50 -  7.87 — 0.66 -  8 .5 3 "
91,90,89 50 -  55 -  1.03 -  0.87 -  1.90
82,i-/HSP,CC 55 -  60 + 0.17 -  1.1+5 -  1.28
cc,8 8 ,bb ,aa* , \
87,A' ,Z i
6 0 - 6 5 -  0.82 -  2.06 -  2.88
z ,r,8 6 ,8 5 65 -  70 -  1.55 -  0.61+ -  2.20
82,84,U',83 70 -  75 -  2.99 -  0.31 -  3.31
T,82,H,81 75 -  80 -  3.15 -  0.08 -  3.23
80,P ,79,78
U\OO1OOO -  0.7U -  0.01 -  0.76
78,77,76 85 -  90 -  0.70 - 0.01 - 0.68
75,74,73,72,71 90 - 95 - 1.11+ - 0.18 - 1.32
TOTALS: 0 - 9 5 - 1+8.92 - 19.61 - 68.53
* Underlined profile numbers indicate that the. profile segment has been 
divided into two 5 km segments* In these cases the segment was propor­
tionally split by a factor that reflects t h e  am ount o f  the profile 
segment i n  each 5  km segment*
197.
Textural Characteristics of Shore and Shoal Sediments in the Lower Rappahannock River:
Site 1 : Latitude 37° 36* US11 N, Longitude 76° 3^ ' 15*'• South shore 21 kilometers 
upriver, near the northeast comer of a large abandon building at Rurhans Warf • 
Bank elevation 33 feet (10 meters). Shore samples were taken from each distinct 
lithologic unit exposed along the bluff. Shoal samples were taken along a sited 
line (N 1° E, true north) approximately 700 meters offshore to a maximum depth, 
of 24 feet (7 .5 meters).
Shore Samples *
Per Cent by Weight
Elevation Sand Silt Clay
9.1 meters 76.55 13.51* 9.91
8 .2  " 95.W> 1.21* 3.36
6.1+ ” 96.77 0.92 2 .30S.2 » 91*. 16 1.87 3.97U.6  » 91.92 2.51 U.93
3.U " 86.01* 1*.1*5 9.51
2.1 " 75.58 9 .26 15.15
1 .2  ” 70.95 12.98 16.0?
0 .8  " 66.75 15.72 17.53
0 " 69.78 16.55 13*66
Backbeach 98.93 0.36 0 .70
Forebeach 86.85 5.1*5 7.69
Shoal Sampli“S *
D is t a n c e Per Cent by WeightDeoth Offshore Sand Silt Clay
0 .1* meters 32 meters 99.12 0 0.81*
1 .0  " 100 " 97.50 o.57 1.97
o.S " 200 " 97.1*0 0 .1*0 2 .103.8 " 300 " 95.90 1.05 3.06
6 .0  " 1+00 " 77.1*0 8.77 13.80
7.5 " 700 " 11.50 35.30 53.11*
* Weight of shell and gravel excluded.
198.
Site 2 s Latitude 37° 38* U5*1 N, Longitude 76 31* • North shore 21 kilometers 
upriver, approximately 650 meters northwest of road end on ‘Towles Point* 
Bank elevation 3 to k feet ( 1 meter). Shore samples were taken along a 
300 meter stretch of the shore. Shoal samples were taken along a sited 
line ( S 42.5*W, true north) approximately I4.OO meters offshore to a max­
imum depth of 13 feet (U meters).
Shore Samples
Per Cent by Weight *
Elevation Sand Silt Clay
Forebeach SE 39.96 22.U2 37.61
Forebeach Ctr. 29.38 31.23 39.38
Forebeach NW 99.23 0.55 0.22
Shoal Samples 
Depth
0.3
0.5
1 .0
l+.O
meters
11
Distance
Offshore
32 meters 
100 ”
200  "
Uoo "
Per Cent by Weight *
Sand Silt Clay
97.7 0.95 1.35
97.6 1.05 1.33
96.99 1.16 1.85
97.76 0 2.2U
* Weight of shell and gravel excluded,
199.
Site 3s Latitude 3 7 ° * 3S* * N* Longitude 76 32 '10**. Worth shore 29 kilometers 
upriver, approximately 700 meters SE of Paynes Creek entrance. Bank elevation 
21 feet ( £*5 meters) • Shore samples were taken from each distinct lithographic 
unit exposed along the bluff. Shoal samples were taken along a sited line 
( S 79°W» true north) approximately 600 meters offshore to a maximum depth of 
21 feet (6.5 meters).
Shore Samples
Per Cent by Weight *
Elevation Sand Silt Clay
5.5  meters 81.95 3.76 11*. 30
5.2 « 88.28 2.71* 8.97
1+.7 " 58.37 12.79 28.85
1+.0 « 76.71 5.86 17.1*2
3.1 " 83.76 It. 01* 12.20
2.1 " 92.96 2.25 1*.78
1.2 " 92.21 2.68 5.86
0 •• 81*. 39 5.01 10.60
Backbeach 99.10 0.5U 0.36
Forebeach 98.78 0.1*9 0.73
Shoal Samples
Distance Per Cent by Weight *
Offshore SS* Silt Clajr
0.5 meters 100 meters 91»0 0.3 2.7
1.0 ” 300 " 97.1 0.1+ 2.5
2.7 " 1+00 " 97.9 0.1+ 2.0
6.0 " 500 » 3.7 32.3 61+. 0
6.5 " 600 11 72.1 6.9 19.0
* Weight of shell and gravel excluded.
2 0 0 .
APPENDIX G
DATA SUMMARY 
SEDIMENTATION IN DEPTH GROUPS A & B
2 0 1  .
Profile
1
2
3
k
5
VII
6
VI
97
96
95
91+
93
92
91
90
89
WE3P
CC
88
BB
AA*
87
A'
Z
Y
86
85
81+
U'
83
T
82
R
81
Summary of sedimentation in depth groups A ( 0 to 12 feet) 
and B ( 12 to 21+ feet), listed as subtotals for the north 
and south side of the thalweg. Mass of (+) fill or (-) scour 
represents change over a 61+ year period. Units 8 x 10° metric 
tons.
No. South Side of Channel North Side of Channel
Depth Group Depth Group Depth Group Depth Group
__________ A_____________ 3_______ A_____________ B
-  0.203 -  0.260 | 1.103 1.109
-  0.188 -  0.013 ' 1.850 6.886
0.975 0. 901* | 0.1*59 -  9.226
3.91*1* 3.811 1 0.11*2 -  1.336
2.1*71* 2.11*8 -  1.308 -  2.305
2.695 1.592 | 0. 3I 7 0.019
1.1*76 1.090 ! 0. 11I* 1.196
0.21*8 3.305 0.627 O.O63
-  8.951 9.260 1.383 0.059
-  0.198 -  0.679 ! 0.598 0 . 31*6
2.360 3.150 -  0.826 -  5.571
-  0.651* 0.688 1.021* 1.505
0.10? -  0.359 1.871* 0.521*
-  0.11? -  0.067 -  0.626 0.356
3.372 1.583 j 1.667 1.583
1.557 0.727 0. 11*0 0.727
O.36O 0.951* 0.181* 0.951*
O.870 0.1*99 0.1i*0 0.2=T6
O.093 0.155 -  0.276 -  0.188
0.257 O.616 0.153 -  0.551
0.31*2 0.611* 0.253 0. 611*
0.159 O.366 -  0.071 0.366
O.723 0.1*53 -  0.220 0.210
0.71*5 0. 301* -  0.025 0 . 301*
0. 1*15 0.100 -  0.056 0.100
0.193 0.232 0.121* 0.232
■ gas 0.11*5 0.562 0.11*5
0.992 0.359 -  0.023 0.359
0.091* 0.1*18 -  0.231* 0.1*18
0.7 b X t» 0.286 0.233 0.2860.779 0.502 -  0.150 0.502
1.6l*0£> 1.169 1.009 1.169
0.3653 -  0.077 -  0.282 -  0.077
1.331* -  0. 071* -  0.155 0.221
2 0 2 .
TABLE • (continued )
Profile No* South Side of Channel North Side of Channel
Depth Group A Depth Group B Depth Group A Depth Group B
80 0.1+53 0 0.210 0
P 0.158 0 0.21+6 0
79 0 0 - 0.01+0 0
78 0.25$ ' 0.1+22 - 0.281+ 0.263
77 - o.l+oa - 0.303 0.075 0.376
76 0.01+6 1.061 0.171+ 1.061
75 0 0 0.1+35 0.613
71+ - 0.001 0.133 - 0.01+5 0.165
73 0.320 0 0 0
72 O.O38 0.191+ 0.039 0
71 0 0 0 0
Totals 35.1+08 10.552 12.733 -
203.
• Sedimentation in depth groups A (0 to 12 feet) and 
B (12 to 21* feet). Data are from Table f and have 
been reorganized into 5 kilometer segments. Mass of 
fill (+) or scour (—) in metric tons x 10^ .
Profile Nos. Distance Upriver South Side of Channel North Side of Channel 
(kilometers) Depth Depth Depth Depth
Group Group Group Group
___________________ ..  A_________B_________ A_________3
i» 2»l * 0 - 5 0.01*8 0.188 3.160 7.893
5 - 10 5.U18 5.123 - 0.102 - 2.331
£,VII,6 10 - 15 5.11*5 3.600 - O.38I+ - 0.672
6.V I.2 I 15 - 20 - 3.666 8.350 1.361 - 0^518
2L»2£ 20 —  25 - U.597 1+.207 1.061* 0.215
2 b 2 l 25 - 30 1.213 1.1+62 - 0.221* - 2.908
21,2k 30 - 35 0.765 1.757 0.108 - <=.822
2k»22 35 -  ho - 0.285 0.175 1.523 1.069
ho - hS - 0.031 - 0.218 0.1*55 0.198
22,21 1+5 - 50 2.676 1.253 1.152 1.381
21*90,82. 50 - 55 2.268 ,10169 0.1*91 1.169
8?.whsp.cc 55 - 60 1.227 1.398 0.160 0.981
CC,88,BB,AA' , 60 - 65 1.727 2.208 - 0.017 0.625
87,A',Z 
Z, 7,86,82. 65 - 70 2.071* 0.627 0.33i 0.627
82,81,0',82 70 - 75 2.873 1.136 0.257 1.136
T,82,B,81 75 - 80 1*.317 1.520 0.1*22 1.815
80,P,79,J8 80 - 85 0.775 0.273 0.232 0.170
28,77,76 85 - 90 - 0.265 0.907 0.11+9 1.530
75,71,73,72,71 90 - 95 0.357 0.327 0.1*29 0.778
**
TOTALS: 0 -95 22.03 35^+6 10.55 12.73
* Underlined profile numbers indicate that the profile segment has been 
divided into two 5 km segments. In these cases the segment was propor­
tionally split by a factor that reflects the amount of the profile 
segment in each 5 km segment.
*-*Totals may differ slightly from those in Table » as a result of rounding.
2 0 4 .
